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Facing It 
ORE than one great newspaper has given warning that our nation is living 
beyond its means—that our export prospects are poor, and that we are 
taking a commercial thrashing. Bleak prospect for a people who have never had 
it so good, and one that prompts us to consider how the aircraft industry is facing 
up to cold reality. 

It has sometimes been suggested to us in recent years that our view of the 
industry, as expressed on this page, has been over-optimistic. We continued 
confident, while breathing frequent little prayers that time would not prove us at 
fault. We breathe them still. But whereas we have hitherto felt a little solitary in 
our faith, we find that we now have company. Air commentators who have seemed 
on occasions to enjoy tipping jugs of icy water into the featherbeds of industry, 
now lend a hand in making the beds. And it is gratifying too that people snort 
a trifle more politely when one tries to explain that the sparseness of new aero- 
planes at Farnborough had no significance whatever. 

And what does the industry think about itself—as represented by the Society 
of British Aircraft Constructors? The SBAC is a body which, though far from 
coy in proclaiming its wares, has never been given to shouting the odds. Lately 
it has been doing some sums, the answers to which, given overleaf, support in 
a most heartening way our own beliefs and hopes. These sums are reality; and 
they are not so cold. Having done them, however, the SBAC state that they find 
that they give no room for complacency. 

Talks have been going on with a view to securing maximum co-operation 
between the industry and the Government. The Government, it is right to add, 
has never grossly neglected the aircraft industry, whatever its failings may prove 
to have been in the running of the nation’s affairs at large. And now that the 
industry is needed, as it has never been needed before, it will not be found unready 
or unwilling. 


About this Issue 

E have just advocated facing up to things; and one fact that we ourselves 

have to face is that the special electronics content of this issue is not 
everyone’s idea of literary bliss. Yet seldom have we been able to present an 
editorial feature of such importance: importance, that is, not only to the engineer 
and designer but to the public at large. Automatic landing, of which it largely 
treats, will benefit everybody involved in, and utilizing, air transport. It will help 
the pilot in making his landings. It will help the passenger by ensuring greater 
regularity of operation and improved safety. And it will help the operator by 
improving his economics. Implicit is the prospect of equipment playing as great 
a part in the safety of a transport aircraft as the integrity of the airframe and the 
reliability of the engines. 

The description of the flight control system being developed for the Vickers- 
Armstrongs VC10 is the most detailed ever published on any of the new automatic 
landing systems. Although the safety requirements are the same, the Elliott 
solution differs extensively from that adopted by Smiths for the de Havilland 
Trident—the first automatic landing installation to be chosen for any transport 
aircraft. Professionally we regard the description as a scoop; and should the more 
hedonistic of our readers still be left cold by aviation electronics then at least they 
may derive some warmth from the assurance that in the practical application of 
automatic landing this country is not only leading, but guiding, the world. 
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FROM ALL 
QUARTERS 


State of the Industry 


AN aommenee account of the present state of the aircraft industry 
was published last week by the Society of British Aircraft Con- 
structors. It is referred to in a leading article, and given in 
detail herewith : — 

“During the first nine months of 1960, no fewer than 108 
British transport aircraft valued at about £104m have been ordered, 
of which 35 (worth £29m) have been sold to overseas operators. 

“These orders were for seventeen Comets (five for the Royal 
Air Force) worth £23m, thirteen Viscounts worth £8m, forty- 
three Argosies worth £27m (36 for the Royal Air Force), three 
Vanguards (£3}m), six Avro 748s worth about £14m, ten Super 
VC10s (£25m), six : a (£14m), and ten Britannics for the 
RAF worth about £15m. 

“Recent developments—not the least of which is the satisfactory 
number of orders for transport aircraft referred to above—indicate 
that the British aircraft industry is successfully weathering the 
storm which blew up in the late 1950s. The Government’s new 
defence policy, announced in 1957, resulted in the industry’s 
share of defence production compared with total output dropping 
from 79 per cent in 1954/55 to 54 per cent in 1959/60. Certain 
Jeremiahs declared that this reduction in business from the 
mdustry’s best customer was too big a load to bear in the face 
of competition from certain strongly backed competitors. The 
labour force, it was said, would drop sharply. What, however, 
is the picture today? 

“The industry is still the leading supplier of turbine-engined 
transports; Overseas interest in the 1960 Flying Display and 
Exhibition was as great as, if not greater than, ever before; the 
British Government has at last begun to order in quantity the 
transport aircraft needed for the armed Services (51 ordered this 
year so far); a manufacturer—Avro—has announced that the 
initial 748 production batch is to be doubled. (de Havilland, too, 
is going ahead with a large initial production line for the Trident, 
an airliner with a production schedule that is way ahead of any 
comparable aircraft in the world.) 

“Moreover, Avro is in urgent need of skilled labour and has 
begun a recruitment drive. As Sir George Dowty, President of 
the Society, said recently, “We know what our programmes are 
and the difficulty will be to get enough people.’ Already this has 
been proved true in Avro’s case. 

“The August export figures indicate that the annual total may 
be only marginally less than the 1959 record total. A drop in 
exports during 1960/61 was first forecast in 1958 by the Director 
of the Society who, last year, said: “We must be prepared for a 
decline in export trade though I am certain that every manufac- 
turer who is concerned in export business will do his damndest, 
and his efforts may well be more successful than the more pessi- 
mistic are inclined to expect.’ Prophetic words indeed in view of 
recent orders and keen overseas interest in our transport and 
military aircraft and missiles. 


DELTA DART, the 
name of the Convair 
F-106, is shown by 
this new picture to 
be appropriate. The 
F-106 is a Mach 2 
intercepter armed 
with the MB-1 atomic- 
warhead rocket and 
Hughes Super Falcon 
missiles. It currently 
holds the world 
record for absolute 
speed, at 1,525.63 
m.p.h. 
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FRANCE’S MACH 2 BOMBER—the Dassault Mirage 1V—is seen here 
in a new picture. We recorded last week the establishment by this 
aircraft of a new record of 1,130 m.p.h. over a 1,000km closed circuit 


“However, there is certainly no room for complacency and talks 
with the Government have been going on with a view to obtaining 
maximum industry-Government co-operation in this important 
field.” 


Exports Nearing £100m 


DURING the first eight months of this year, British aircraft 
industry exports totalled £98,396,188. The figure for August, 
£11,034,487, was made up as follows: aircraft and parts, 
£4,899,433; engines and parts, £5,560,130; electrical equipment, 
£267,491; instruments, £242,773; and tyres, £64,660. Leading 
aircraft customers were Argentina (£1,297,067) and the Irish 
Republic (£1,138,466), and “134 buyers of engines the US 
(£1,036,183) and France (£700,096 


Kerosine or Wide-cut 


AS this issue went to press the MoA reduced from 14 to 11 the 
number of aircraft permitted on the LAP North apron at any one 
time. A Ministry spokesman refers to the “increased danger of 
fire from mixture fuels. . . . At least one airline has gone over to 
the use of this fuel [JP. 4] from the far less dangerous kerosine. 
There is undoubtedly a much greater hazard because of the lower 
flash-point of the petrol-based fuel.” 

BOAC has moved all Comet 4 departures from the North 
Terminal to the Cranford Lane area. A spokesman for Pan 
American, who changed to JP.4 at LAP on October 1, describes 
the allegations as “quite ridiculous.” (See letter from Lord 
Brabazon, p. 595; and Straight and Level, p. 587.) 


French Exports’ Threefold Increase 


IN what has been described as a “dazzling increase,” the French 
aircraft industry has in the first half of this year booked foreign 
orders totalling 800m new francs (about £57,872,000). This total 
is almost 81 billion old francs and compares with 45 billion old 
francs in 1959 and 38.3 in 1958. It has been officially stated that 
the French aircraft industry is well ahead of the country’s other 
industries as far as rate of exports is concerned. Sales of aircraft 
and helicopters in the first six months of this year showed an 
increase of 310 per cent over last year’s corresponding period. 
Caravelle sales accounted for 45 per cent of total export orders. 
It is expected that overseas orders for the whole year will exceed 
1,000m new francs (about £72,340,000). 


Fallex 60 Ends 


LARGE-SCALE NATO exercises which started on September 20 
and were conducted jointly by SACLANT (Supreme Allied 
Commander Atlantic) and SACEUR (Supreme Allied Commander 
Europe) under the combined title FALLEX 60 came to an end 
last Sunday. Two of the Royal Navy’s aircraft carriers, Ark Royal 
and Hermes, participated (the former’s Scimitars and Sea Vixens 
making a record number of sorties); Valiants, Vulcans and Victors 
of RAF Bomber Command acted as hostile aircraft; Canberras and 
Valiants assigned to SACEUR practised execution of the com- 
mand’s attack and air defence sions and Shackletons of Coastal 


Command and Argus aircraft of the RCAF carried out maritime 
operations. 

In a round-up statement on “Swordthrust,” 
naval exercises, Rear Admiral John McCain of the US Navy said 
that it had demonstrated that the key to security in the ballistic age 


biggest of the 


was movement: aircraft carriers were the most versatile base 
systems devised by men, and the West had an absolute monopoly. 
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U-2 Can Be an ICBM 


AN American correspondent describes a recent astonishing take- 
off performance by a Lockheed U-2 at Lockheed Air Terminal, 
Burbank. “After a ground run of just a few hundred feet,” he 
writes, “the U-2 pulled up in a truly remarkable climb angle of 
between 60 and 75°, turning as it went, rising faster than an 
ICBM. It was out of sight directly over the runway at a point 

ps 500ft from where it started its ground roll. I doubt if I 
shall ever see a more spectacular take-off by a manned aircraft.” 


Canadian Aviation Museum 


APPROXIMATELY 250 guests from all sectors of Canada’s 
aviation industry attended the inauguration of the Canadian 
Aviation Museum at the International Air Terminal, Ottawa, on 
September 25, when it was officially opened by the Hon Alvin 
Hamilton, Minister of Northern Affairs and National Resources. 

The museum has as its theme “Canada’s contribution to aviation 
and aviation’s contribution to Canada.” Only a smell part of it, 
however, is devoted to actual historical items from the early days 
of Canadian aviation; most of the displays are educational and 
deal comprehensively with all aspects of aviation. The museum 
was established as a result of the “golden anniversary of flight 
celebrations” in Canada last year. 


Third ATC Convention 


AMONG speakers at the 3rd Air Traffic Control Convention, 
sponsored by the Guild of Air Traffic Control Officers and being 
held at the Town Hall, Bournemouth, on October 18/19, are 
Charles E. Dowling, Jr, of the US Federal Aviation Agency, who 
is to lecture on ATC Research and Development Activities in the 
FAA; Dr W. F. Hilton, psc, phD, FRAes, AFIAeSs, Member of the 
Council, British Interplanetary Society, on The Use of Com- 
munications Satellites for Air Traffic Control; and J. L. Gilmore, 
technical liaison officer, Europe-Africa Region, IATA, on Policy 
and Requirements of IATA member airlines in relation to air 
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LINE ABREAST at Tarrant Rushton on September 22 are GAPAN 
committee members and Flight Refuelling executives (left to right): 


Wg Cdr H. C. Johnson (FR); P. R. Hornid (FR); Capt O. P. Jones Evie oll 

C. Tonge (FR); Capt D. J. Turner (GAPAN); . Marks (FR); Miss G. H. Mackay 

(secretary of the Guild); Capt A. S$. Wilcockson (GAPAN); Sir Alan Cobham 

(FR); Sqn Ldr M, E. J. Hickmott APAN); Marshal of the RAF Sir John 

Salmond (GAPAN); E. H. Thomas (FR); R. Dickinson (FR); Capt. S. J. Pink 
(GAPAN); P. S. MacGregor (FR) 


traffic control. A BOAC captain’s point of view—The Seven Sins 
of International ATC—is a put by Capt Lincoln Lee; and 
Dr R. J. Murgatroyd, phD, BSc, AMIEE, chief meteorological officer 
i/c the Meteorological Research Flight at RAE Farnborough, is 
speaking on Current Research in Meteorology. 


English Electric-GEC Merger ? 

A STATEMENT last week by the English Electric Co Ltd and 
the General Electric Co Ltd said that the boards of the two 
companies “have been jointly considering the general position of 
the British electrical industry.” It added: “They feel that many 
activities of their two groups are complementary, and having 
regard to the interests of shareholders and employees have agreed 
to explore immediately the practicability of the merger of the two 
groups by means of a holding company.” A further statement is to 
be made when details have been examined. 


In Brief 


Air Marshal Sir Denis Barnett, AOC-in-C Transport Command, is 
making a 27,000-mile round-the-world tour of inspection of his Com- 
mand. Flying in a Comet 2 of No 216 Sqn, he is due to return to RAF 
Lyneham on October 27. 


A new RAF transport squadron, No 233 Sqn, has been formed at 
Khormaksar (Aden) from the Valetta element of No 84 Sqn. The 
latter squadron is now equipped exclusively with Beverley aircraft. 


Mr Stephen Bragg, a rocket engineer who has for the past four years 
been working on the development of Rolls-Royce rocket motors, has 
been appointed chief scientist to the company. 


The prototype Breguet 940 STOL has now logged 200hr and made 
650 landings and has again been sent to the CEV at Bretigny. During 
recent demonstrations it landed with a 50m (163ft) ground-run and 
made low-speed turns with a radius of 70m (228ft). 


Frank Bullen, Hawker Aircraft chief production test pilot since 1955, 
retired from test-flying on September 30. He has joined Norman 
Starbuck & Co Ltd, Cranleigh, Surrey, as a director and is also managing 


LOOKING IN on Bristol Siddeley Engines at Patchway are members 

of No 19 Course, Empire Test Pilots’ School, Farnborough. Mr G. T. 

Smith, sales manager of the aero-engine division, explains Olympus 
technicalities 








director of the Southern Trading & Finance Co (Cranleigh) Ltd. 
Mr Bullen joined Blackburn Aircraft in 1946 after service in RAF 
Fighter Command (latterly as p.a. to the AOC-in-C, Air Chief Marshal 
Sir James Robb), then went to Hawker Aircraft in 1949. 


Mr C. F. C. Sneesby, senior project engineer with Bristol Aerojet 
Ltd, died suddenly at Cambridge on September 24. Before going to 
Weston-super-Mare earlier this year he had been chief designer at 
Marshall’s Flying School Ltd. He was 54. 


Ruth Nichols, the distinguished American woman pilot, has died in 
New York at the age of 59. In 1931 she held three women’s international 
records—for speed (210.6 m.p.h. over a closed circuit), distance (1,977 
miles) and height (28,743ft). 

The Guild of Air Pilots and Air Navigators is holding a meeting in 
London on the evening of October 20 at which Mr A. M. A. Majendie, 
director of operational requirements at Smiths Aircraft Instruments, will 
lecture on Aspects of Instrument Development for All-weather Opera- 
tion. Tickets are available from the Guild’s secretary, at 14 South Street, 
Park Lane, London W1. 


WHIRLWINDS FOR THE ICE PATROL: Stowed aboard HMS “Protec- 

tor” before she left Devonport last Friday are Westland Whirlwinds 

for utilization in “Protector's Antarctic ice patrol cruise, which will 
last for eight months 



















“Flight” photograph 


Visits to the US Air Force Association Convention in San Francisco 

and to the USAF Aerospace Medical Center, San Antonio, are reported 

in this article, the second in a series covering a three-week tour of the 

USA sponsored by the US Departments of Defense and of State and the 

US Information Agency. (See also pages 584-5.) Next week, the 

Strategic Army Corps, Fort Bragg; the Air Force Missile Test Center, 
Cape Canaveral; and the Pentagon, Washington. 


Air Force Association Convention, San Francisco (continued) 
EW concepts of USAF/industry integration in fields of 
management and control were described on the second 
day of the AFA convention at an Industry Seminar with 
nine main speakers. One of these, Maj-Gen O. J. Ritland, com- 
mander of the Air Force Ballistic Missile Division, gave also a 
review of his Division’s missile and space programmes. 

Of the 19 major programmes currently assigned to AFBMD, 
Gen Ritland said, all but five were concerned with searching out 
the possible advantages suggested by space. Beyond the Atlas, the 
imminent Titan 2 and the forthcoming Minuteman, possible 
follow-on missiles were being studied. “These studies include but 
are not limited to a still smaller, lighter-weight, cheaper and ever 
less vulnerable ICBM.” 

Turning from missiles to space, Gen Ritland said: “Our imme- 
diate goals are early warning, observation and communications. 
These are the requirements of the hour, dictated by the peril of 
the times and by the raw facts of circumstance.” Referring to the 
Discoverer programme, he added: “The fact that we have proven 
one recovery theory does not mean that we are satisfied with the 
method we have adopted as being the best or most economical 
system possible. In fact, we have embarked on a priority effort to 
study the feasibility of developing a manceuvrable capsule, to 
ensure easy recovery at a predetermined time and place.” 

Apart from the Discoverer, Midas and Samos satellite systems, 
AFBMD was engaged in five other major space programmes. In 
the area of space communications, the Division was working on 
two related projects designated Advent and Flag, both designed to 
feed eventually into a working global communications satellite 
system. 

Defence against the ICBM might possibly be achieved through 
the development of “orbiting sentinels,” intercepter satellites cap- 
able of sensing the heat of a ballistic missile launch and of instantly 
despatching rockets against the aggressor missiles. In addition to 
these various future projects, AFBMD was responsible for boost- 
ing the payloads required by the Transit, Tiros, Courier, Mercury, 
Dyna-Soar and 609A programmes. 

Two requirements peculiar to military space operations were 
“the boosting of large numbers of satellites into the celestial traffic 
pattern”; and the chore of economically maintaining these satellite 
systems once they were in place. One possible way to reduce costs 
was to develop recoverable boosters—“Or we may arrive at a lower 
per-pound-of-payload cost by designing and using a military 
launching vehicle system featuring a more economical booster. 
At present we are assessing the technical feasibility of each of 
these approaches . . .” One of the most pressing requirements, 
also, was to improve the reliability of the satellites’ complex 
electronic and mechanical equipment. 

“On the basis of investigative studies,” Gen Ritland declared, 
“we have evolved a concept we call SMART (Satellite Main- 
tenance and Repair Techniques). Present indications point toward 
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Convention scene: a speaker addressing the Air Force Association 
during one of its sessions 


MISSILES AND 


MONKEYS 


By Kenneth Owen 


an actual economic advantage to be accrued from manned main- 
tenance systems for orbital payloads—a true military reason for 
putting men into space.” 

What amounts to a revolution in the management of Service 
programmes, involving the increasing use of non-profit corpora- 
tions as an integrating link between the Services and the manu- 
facturing companies, was described and amplified by several of the 
other speakers at the Seminar. As one speaker phrased it, “A need 
has matured and has been recognized for a new kind of institution 
with a new kind of talent not readily available in proper form 
wholly within the military or wholly within industry.” 

Two of these new-style organizations are Aerospace Corporation 
and the Mitre Corporation, whose work was described by the two 
company presidents, respectively Dr Ivan A. Getting and C. W. 
Halligan. Aerospace works as part of the Ballistic Missile Division 
complex at Inglewood, Los Angeles, while Mitre is a constituent 
unit of the newly formed Command and Control Development 
Division at L. G. Hanscom Field, Bedford, Mass. Both AFBMD 
and CCDC are elements of Air Research and Development 
Command. 

In the accomplishment of USAF missile and space missions, 
Aerospace Corporation acts not only as technical director and 
systems engineer, but also as a planning centre and clearing house 
for all BMD programmes, Together with other ARDC divisions 
and associates, BMD and Aerospace Corp will join in the technical 
link between the total requirements specified by the USAF and an 
integrated finished product delivered by industry. “Aerospace 
Corp will give technical definition to military necessities. Industry 
will translate that definition into usable hardware and educated 
payloads,” according to Gen Ritland. 

The Hanscom complex comprises a number of USAF and 
supporting organizations which function as a team to propose, 
develop and provide command and control electronic systems. The 
main residents are the Command and Control Development 
Division (of ARDC), the Electronics Systems Center (of Air 
Matériel Command, the logistic team member), and the Control 
Defense System Office (of Air Defense Command), with support 
from the Mitre Corp, MIT’s Lincoln Laboratory, and ARDC’s 
Cambridge Research Laboratories. Rome Air Development Center 
at Rome, NY, also supports the resident Hanscom units with 
laboratory facilities. 

The problem which Hanscom faces is that in many ways weapon 
technology has outpaced the technology of command and control. 
The speed and power of our weapons, the philosophy runs, will be 
of little use if our reaction time is too long. The new art for 
weapons must be followed by new concepts for command, control 
and management. 

One of the principal areas of Mitre’s work described by Mr 
Halligan was the conceptual planning which would establish the 
basic design principles for command and control systems. 
would deal with strategy, what was needed for peace and what 
must survive for various kinds of war. It would define the broad 
command for the co-ordination of these elements, and for com- 
munication between commands and to higher commands. It 
would determine the right balance between command and control 
systems, and the output would in turn be valuable for the industry's 
own planning. 

Another of Mitre’s major activities was that of inter-system 
design. This considered questions of functional and techni 
compatibility among systems; common use of techniques and 
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facilities; elimination of duplication; standardization of com- 
nents and, in fact, all the inter-faces which might be overlooked 
by individual system designers. 
“At a Press briefing attended by senior officers of Air Research 
and Development Command that afternoon, Lt-Gen Bernard 
Schriever, ARDC commander, said he was convinced that, from 
the development standpoint, the USA had not only caught up 
with Russia but was now ahead in the development of ballistic 
missiles. He did not think the Soviet Union possessed missiles 
as advanced as Minuteman and Polaris. 

The two main problems facing the USAF in achieving its aim 
of deterring an all-out war were (1) to find a way of reducing the 
yulnerability of the retaliatory forces—a highest-priority job—and 
(2) to eliminate the element of surprise in case of an enemy attack. 
Commenting on the development of US missiles, Gen Schriever 
said that Atlas, Titan and Thor had each exceeded performance 
expectations “in every respect.” The warning systems having the 
greatest potential, he suggested, were systems such as Midas, 
Samos and Advent. Being completely passive, they could not win 
a war; but could contribute a great deal towards preventing one. 

The B-70 bomber, the speaker continued, would lead the way to 
the supersonic transport aircraft. He believed that there was 
absolutely no reason why the US should not have a supersonic 
transport flying before 1970. ARDC had recently initiated a very 
important programme on boundary-layer control for aircraft. 

The biggest single problem facing space engineers at present 
was that of achieving a very high degree of reliability in com- 
ponents which were required to operate (in a satellite, for instance) 
for long periods. The second major problem was to reduce the 
launching cost per pound weight placed in orbit. The first Samos 
launch was scheduled for the very near future, and would be 
made from Pt Arguello, adjacent to Vandenberg AFB. 

Tactical Air Command was the final command to give an 
account of its current thinking at a Press briefing during the San 
Francisco meeting. The TAC commander, Gen Frank F. Everest, 
spoke of the need for a new tactical aircraft for use in 1965-75, and 
said that this must be an all-purpose machine—“We cannot con- 
tinue the multiplicity of types with which we are cursed today.” 

The main characteristics of this forthcoming aircraft, designated 
the F-X, had been established and some $25-30m had been allo- 
cated in the 1961 budget for its development. ARDC would select 
the source of the aircraft, and Gen Everest hoped that this would 
be done within the next six months. The F-X would be very fast, 
would operate from short runways, and would be able to cope 
with all kinds of missions. 

“In all probability,” the general commented, “the F-X will 
employ a variable-sweep wing.” Was this a development of the 
Barnes-Wallis Swallow? The general replied that he was not 
familiar with this device. How would the Boeing STOL proposal 
suit TAC? The general answered that he had not seen Boeing’s 
proposal. A number of types had been assessed for the F-X role. 
Did these include the TSR.2? No, they did not. 

Gen Everest said that. while serving in Europe, he had realized 
that the heavy demand for runways meant that NATO would be 
well advised to go for a progressive change from aircraft to missiles 
for a proportion of its tactical air force, and he was still of that 
opinion. His command was now adopting the US Navy’s Bullpup 
air-to-surface missile for use with the F-105, but whether this 
missile’s life would be sufficiently long for it to be applied to the 
F-X was not known. 

Final formal session of the convention was a symposium on 
The Military Mission in Space, held on the morning of 
September 24. With Lt-Gen Tames D. Doolittle as chairman, the 
platform speakers comprised Mr Richard D. Horner, senior vice- 
president, Northrop Corp, and until recently Associate Adminis- 
trator of NASA; Mr George P. Sutton, manager (development 
planning), Rocketdyne and previously chief scientist, Advanced 
Research Proiects Agency; and Dr Edward Teller, professor at 
large, University of California. 

A relatively modest rate of progress in the military use of space 
was forecast, and recommended, by the first two speakers. Military 
satellites, in their opinion, would be primarily useful in support 
missions such as communications, navigation and meteorology. 
Mr Sutton quoted the current cost of placing “a maior payload” in 
orbit as $5-7.5m, and reasoned that duplication of projects, pre- 
viously accepted, could not now be afforded. From the many good 
Projects available, only the very best must be selected, i.e., a 
calculated risk should be taken. 

A supremely ambitious effort—no less than the domination of 
space—was, by contrast. put forward as the only course by the 
lucid and forceful Dr Teller, whose starting point was this: 
“Before all other military missions I would put one—to survive.” 

Even if the US had advance notice that the Soviet Union was 
planning a major attack. Dr Teller said, we should never strike 
first. “It is wrong, it is immoral and, in my opinion, it is imorac- 
ticable.” Therefore we must have the ability to take the first blow 
and then strike back. 

Dr Teller’s view of morality somehow managed to include the 
resumption of nuclear testing. The reasoning was that continued 
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nuclear experiments could reduce the payloads which missiles 
carried: the missiles and their bases could then be smaller, the 
cost of hardening the bases would be reduced and mobility could 
be increased. The fact that we had stopped nuclear testing was not 
a calculated risk, it was a miscalculated risk; it meant that, when 
we ought to be ready, we would not be ready; and it could mean 
the annihilation of our society. 

The control of space would have a considerable effect on the 
balance, or imbalance, of world power, in the same way as had 
the control of the oceans in earlier times. Russia would be able to 
outbuild the United States in space hardware for the next few 
years—there were no grounds for complacency and no justification 
for economy. It was a mistake, on the threshold of this new field, 
to subdivide it into civilian, military and scientific categories, or to 
limit our efforts. It had been said that Mars and Venus had 
nothing to offer from a military point of view but, the speaker 
enquired, “What kind of nothing?” 

Perhaps the domination of space would be “impossibly expen- 
sive”—the speaker did not know; but it was extremely important. 
It would, in his opinion, be very much easier to achieve, however, 
than a foolproof anti-ICBM system. 

The fourteenth annual convention of the Air Force Association 
was over. We gathered up the reams of press releases, papers, 
copies of speeches, and product literature which had given us 
mental indigestion over the three-day period, and left the civic 
auditorium, walking out past the AIR RAID SHELTER notices 
which are an inescapable feature of the San Francisco street scene. 

It had been a formidable occasion. Interesting and useful in 
the Service and industry information which had been forthcoming; 
excessively and aggressively militaristic in some of the social- 
occasion speeches; overpowering in the “hospitality suite” manner 
of (we are told) all American conventions—perhaps the phrase 
“hospitality system concept” is appropriate. All this in the setting 
of a Pacific-coast city of distinctive beauty and character. 


Peg 


Lt-Gen Roscoe C. Wilson, 

Deputy Chief of Staff 

(Development) at USAF 

Headquarters, unveiling 

the Dyna-Soar model at 
San Francisco 





USAF Aerospace Medical Center, Brooks AFB, Texas 


The two individuals who had both begun and ended careers 
as Air Force astronauts politely rose to their feet but impolitely 
stared at us as we left the room. One of them had ridden a Mercury 
capsule to a height of 55 miles during a ballistic shot out over the 
Atlantic, but had no comment to make. Rhesus monkeys Sam, 
aged 3, and Miss Sam, aged 2, showed every sign of being 
thoroughly bored with the attentions of the British Press. 

We were visiting the USAF School of Aviation Medicine, one 
of five constituent units of the Aerospace Medicine Center located 
just outside San Antonio, Texas. In particular, we were being 
shown the work of the Department of Veterinary Services, which 
prepares, trains and looks after the various animals used in aviation 
and space experiments; and also has the wider job of developing 
surgical techniques for humans by proving them first on animals. 

Primates such as Sam and Miss Sam are the highest form of 
animal life used in these experiments. These two particular 
monkeys have now retired from space research, while another 
rhesus monkey has been trained in preparation for orbital flight in 
a Discoverer satellite capsule. Other animals used in experiments 
at the School of Aviation Medicine include mice, rats, rabbits, 
opossums, cats and dogs. A range of ingenious and compact 
instruments and electronic equipment has _ been devised to assist 
in obtaining the required data (such as temperatures, blood pres- 
sure, heartbeat, respiration and brain waves). 

It was left to human beings and not animals, however, to carry 

(Concluded on page 558) 
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Missiles and Monkeys... 


out the most impressive endurance tests in chambers simulating 
spaceship cabins. Just before our visit two USAF officers, Capt 
William D. Habluetzel and Ist Lt John J. Hargreaves, spent over 
30 days in a two-man space cabin simulator at Brooks, and we 
were able to hear details of this exceptional experiment from the 
scientist in charge of the project, Dr Billy E. Welch. 

The grey-painted steel cabin in which the two pilots were 
isolated is elliptical in cross-section, and measures 12ft long by 
8ft high. Entering the cabin on August 15, the two men spent 
30 days 8hr and 21min inside before emerging on September 15. 
The experiment was designed to test the reliability of component 
parts of the simulator and to obtain data relevant to spaceflight. 

To give Habluetzel and Hargreaves a realistic feeling of being 
detached from the world they knew, and to test their reactions to 
this, information about the outside world was kept to a minimum. 
Their reading material consisted of two books of short stories, a 
Bible, and The Green and Red Planet: A Physiological Study of 
the Possibility of Life on Mars, by Dr Hubertus Strughold, 
Professor of Space Medicine and Advisor for Research at the 
Aerospace Medical Center. 

Not that the subjects had much time for reading. The simulated 
flight control panel had to be manned 22 hours daily and, while 
one was on duty at the panel, the other would calibrate instru- 
ments, purify waste liquids to replenish the cabin water supply, 
eat, sleep or take his turn at housekeeping. Communication with 
the outside world was limited: every 90min they gave brief reports 
on environmental conditions in the cabin; and once per day 
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reported their blood-pressure readings and temperatures, which 
had been recorded hourly. In addition, each man spent two hour; 
per day taking an EKG test (which registered his heart activity and 
respiration rate on recorders fitted outside the cabin); and twice 
a week they took blood samples from each other for chemical 
analysis. 

Food and water aboard consisted of 80 Ib of pre-cooked, 
dehydrated food (sufficiently varied to provide seven meny 
changes), and 22gal of fresh water, which was maintained 
recycling and purifying the subjects’ body water within the cabin, 

At the time of our visit, analysis of the data obtained from the 
30-day experiment was continuing. The men had r ed no 
hallucinations during their period of confinement, and Welch 
suggested that their biggest single problem had been, after the 
first three days, the realization of what they had committed them- 
selves to. A high level of mental discipline was needed to 
this, and Habluetzel and Hargreaves had coped extremely well, 

Inside the cabin, we noticed a slogan near the ceiling: THOUGHT 
FOR THE DAY: NEVER VOLUNTEER—ALWAYS MAKE AN APPLICATION, 

This was just one example, albeit the most strikingly interesting 
one, of the work of the School of Aviation Medicine. The school’s 
purpose is a —_ one, covering education, research and specialized 
medical consultation. 

In education, the school provides training in aviation medicine 
and the allied health sciences for officers and airmen. Inr 
it carries out studies of conditions affecting the health and perform. 
ance of flyers and astronauts. In consultation, as far as facilities 
permit, a service is provided for flying personnel with difficult, 
obscure or borderline diagnostic problems affecting their ftying 
status. 


Missiles and Spaceflight 


A DECISION “THIS YEAR” 


On his return on September 29 from discussions with the 
Australian and Canadian Governments, Mr Peter Thorneycroft, 
Minister of Aviation, said that a firm decision on a British space 
programme could be expected before the end of the year. It had 
originally been thought that Britain and Australia were the only 
countries directly involved, but it is now evident that the Minister’s 
ultimate aim is to establish a co-operative programme linking the 
Commonwealth with major European nations. 

This third “space club” would have resources said to be greater 
than those of the US and Soviet Union. It would not compete 
with the latter nations in getting a man into space, but would 
concentrate “on an expanded satellite programme to provide a 
communications system, navigational aids and other benefits.” 
It had been calculated that the communications satellite by 
itself might require about £71m. Two days previously, in Ottawa, 
the Minister had said that the concept hinged largely on the 


co-operation of France. If the latter was forthcoming, Britain 
could “tell Australia and Canada that we are going ahead with the 
programme, and invite them to join in.” Woomera was obviously 
of value, but—for Polar orbits in particular—the Canadian base at 
Ft Churchill might be used. 

During the previous week, David Price, Conservative MP for 
Eastleigh and British delegate to the Council of Europe, confirmed 
this international hope before a Press conference in Strasbourg. 
As briefly noted last week, he presented a plan requiring an annual 
budget of £25mn, and recommended the creation of a European 
space-research agency. Immediate reactions came from Wester 
Germany; an official in Bonn stressed that ‘German dis- 
cussions had so far only been exploratory, while Herr August 
Staats, President of the German Rocket Society, welcomed the 
proposal for a unified European programme and is quoted as 
having said that, while it would not necessarily rival American or 
Russian efforts, “it would make possible space probes which are 
beyond the grasp of independent European nations.” 





On September 28 Martin awarded Northrop a major contract for 
the installation and checkout of Titan 1 missiles at Ellsworth AFB. 


On September 30 Western Electric were awarded a $200m contract 
for further development of the Nike Zeus anti-missile system. 


After being propelled to an altitude of 1,200 miles from Pt Mugu, Cal, 
on September 19 (by an Argo D-8 four-stage booster), the first NERV 
nuclear-emulsion recovery vehicle to be launched was successfully 
recovered from the Pacific. Involved in the recovery were a Lockheed 
WV-2, an Electra (leased from Lockheed), two destroyers and an 
assault-transport ship carrying a helicopter. 


The first of twelve Blue Scout four-stage vehicles in the Hyper 
Environmental Test System 609A programmes was successfully fired 
from Cape Canaveral on September 21. Launched at 70°, it was intended 
to carry a 32.8lb instrument package to an altitude of some 16,600 miles, 
with impact some 7,000 miles down-range; but telemetry contact was 
lost while still under power. 


In order to extend the ible warning-time of the launch of Soviet 
ballistic weapons beyond the line-of-sight BMEWS, the US has surveyed 
a number of possible sites for ground stations associated with Midas. 
This reconnaissance-satellite system, designed to detect the IR emission 
from ICBM engines, will relay its information to a number of tracking 
stations, and discussions have been held with the British Air Ministry 
with a view to the construction of a Midas station at Kirkbride, 
Cumberland. 


The US Defense Department and Navy have jointly released brief 
details of the Missileer aircraft and its ¢ missile. Developed by 
Douglas Aircraft, the Missileer (which may be designated either MD-1 
or F6D) will be by two Pratt & Whitney turbofans and will 
patrol at 35,000ft some 150 miles from a surface fleet for a period of 
many hours. The the prime contract for which is held by Bendix, 
will have a maximum effective range of 100 miles at a flight speed of 
M4, and will normally have a nuclear warhead. The Missileer will 
carry six of these weapons. 


More successful than the 10,000-mile Titan shot planned for 
September 29, which fell 4,000 miles short owing to premature second- 
stage ignition, Atlas 79D flew 9,000 miles on September 19. At the 
time of writing it is not thought that the re-entry vehicle (an improved 
GE Mk 3) was recovered. 


Vladimir Timakov, vice-president of the Soviet medical academy, said 
recently that “cosmonauts” (space pilots) were being carefully evaluated 
by a medical commission. The ideal candidate would be a jet pilot, of 
below-average build. Special pills had been developed to correct irregu- 
larities in the cen nervous system; and to ensure the safety of space- 
flight, the first missions will be controlled from the Earth. 


As briefly noted in another paragraph on this page, the long-range 
Titan shot planned for September 29 (postponed from the 27th) fell 
short. Had it been fully successful it would have been the longest missile 
flight ever made, the design distance being 10,000 miles to an impact 
point approximately 900 miles SE of Madagascar. An ¢ i 
Avco RVX-3 nosecone was fitted, and one of the main test objectives 
was the recovery of the data casette. On the previous day a normal 
J-series Titan flew 5,000 n.m. down the Atlantic Missile henees this 
was the 22nd Titan firing, 16 of which were successful (the first four 
having first-stage propulsion only). 


Bell Aerosystems Co disclosed on September 19 that it had successfully 
completed full-scale firings of a turbopump-fed engine running on liquid 
fluorine and liquid hydrogen. During the past four years a series of 
programmes has been completed under contract to the USAF in a 
evaluation of fluorine in combination with h h ine and 
ammonia; more than 600 engine firings were made during these pro 
grammes, with thrusts ranging up to 35,000Ib. The large new — 
has been developed under contract to NASA, and is intended to 


directly to a — propulsion system for the upper stages of spact 


vehicles. Since the propellant combinations are hypergolic, reliability 
is improved and complexity reduced, while the greater specific impulse 
reduces powerplant size and weight for a given performance. 
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FLIGHT, 7 October 1960 


“This is Skycoach,” says a British United Airways caption to this 
picture, which shows passengers inside the 62-seat Viscount 810 due 
to be introduced this month on the new low-fare services to British 
Africa in partnership with BOAC, EAA and CAA. Cunard Eagle will 
operate Britannia 310s on their Skycoach services to Bermuda and 
Nossau in partnership with BOAC. See story starting on this page 


AIR COMMERCE 
This is Skycoach 


p As! Tuesday, October 4, Britain’s airlines introduced the first 
of the special low cabotage air fares that have been talked 
about for so long—since November 1958 to be precise. It was 
in that month that Mr Harold Bamberg of Eagle Airways, followed 
in February 1959 by Airwork and Hunting-Clan, applied to 
operate very low fare (so-called VLF) services to British cabotage 

ints. These moves led directly to two important events: the 
introduction, sooner than might otherwise have been the case, of 
new UK civil aviation legislation; and BOAC’s challenge to IATA 
at Honolulu in September 1959 to extend economy fares beyond 
the North Atlantic. 

The IATA fares machinery was sorely tried, but the outcome 
was that economy fares were more extensively applied, and 
British airlines got their low-fare cabotage services, now termed 
Skycoach. 

The Skycoach fares actually being introduced are on the average 
27 per cent below the old lowest IATA fares, though they are 
nothing like as low as the VLF fares, which averaged more 
than 40 per cent below. The table below, a Flight compilation, 
attempts to put the old-and-new fares picture into perspective. 

It is not possible to draw the whole picture, in particular those 
portions of it that show how the new corporation-UK independent- 
Commonwealth-airline partnerships have been worked out. But 
it is possible to speculate on the general nature of the pool agree- 
ments that have been concluded among the parties concerned. 

Let us look first at Africa. There are five airlines involved— 
BOAC, East African Airways, Central African Airways, British 
United Airways and South African Airways. The first problem 
that had to be solved was the future of Airwork and Hunting-Clan. 
These two independents had pioneered the low-fare “Safari” ser- 
vices to East Africa and Central Africa in July 1952 with Vikings. 
A price differential below BOAC of up to 15 per cent had always 
been maintained, but frequencies and cabin service had always 
been limited. 

In the normal process of air transport evolution BOAC and the 
airlines in the territories concerned, EAA and CAA, wanted a 
share in this low-fare business. This desire was motivated partly 
by the “me-too” instinct, though not wholly, as the independents 
suggested. It was motivated also by the inevitable downward 
trend in air fares. It was this same trend, and their low cost levels, 
that prompted Eagle and the other two independents (though 
Airwork were never entirely happy about VLF themselves) to 
make the VLF challenge. 

With little Ministerial pressure, Airwork and Hunting-Clan, 
between whom a bridge already existed in Africa, merged as British 
United Airways. This union meant the loss of many jobs, but the 
merger made the sharing of the cake an easier task. 

British United Airways were given, as had been promised to 
the independents in 1957 by Mr Harold Watkinson (then Minister 
of Transport and Civil Aviation), a share of the lowest IATA 
fare traffic on the routes to East and Central Africa, though no 
share of the first-class business. BUA were also given a share 
of the new low-fare cabotage business, namely Skycoach. It is 
not easy, without the inside information that is not forthcoming, 


to determine how all the pooled revenues from both kinds of 
business are to be shared with BOAC, EAA and CAA. It is 
possible that the economy-class revenues earned on the routes to 
East and Central Africa by BUA and BOAC are shared on the 
30-70 basis suggested in 1957 by Mr Watkinson. How closely 
this share—whatever it is—relates to the actual amount of traffic 
carried by each partner cannot be deduced from timetables 
because so many of BOAC’s services to the points concerned 
include South African traffic also—which is the subject of a pool 
between SAA and BOAC. It is said, indeed, that the BOAC/BUA 
agreement, which is a pool within a pool, is not known even to 
the other parties concerned, namely EAA, SAA and CAA. 

The last-named airline is in a special position inasmuch as 
it no longer operates services between the UK and the Central 
African Federation. CAA’s last Viscount Zambezi Colonial coach 
service was operated on October 1, and henceforth CAA becomes 
a regional carrier. As is well known, BOAC bought full rights 
to Federation traffic three years ago for £1jm payable in ten-year 
instalments up to 1967. 

The position so far as EAA is concerned is different. It will be 
recalled* that EAA has always claimed a right to a 50-50 share 
of traffic between the East African territories and the UK. And of 
course EAA operates jets on the routes concerned (Comet 4s partly 
financed by the UK Government through its agent the Colonial 
Development Corporation). Whether or not UK - East African 
traffic is in fact shared 50-50 between EAA on the one hand and 
the UK carriers BOAC/BUA on the other hand is not known. 

Whatever the UK share is, it is re-shared between BOAC and 
BUA—possibly in the 70/30 ratio just mentioned. Thus if the 
UK share is x, BOAC would get 70 per cent of the economy-class 
and Skycoach part of x, and BUA the balance. 

The timetables indicate only which services are being operated 
nominally by each carrier: they do not show which airline is 
physically operating the services. In actual fact, of 65 Skycoach 
services operated to East and Central Africa during the next year 
46 will be physically operated by BUA 62-seat Viscount 810s 
and 19 by 92-seat BOAC Britannia 102s. 


*“Flight,” January 1, 1960, page 12, and April 29, 1960, page 609. 





NEW BRITISH FARES FOR OLD 





London to: 


a 
Old 
IATA 
lowest 
tourist 2- 
way fare 


B 
Old Colonial 
coach 


c 
New IATA 
lowest 2-way 





fare (%o 
cut on A) 


y fare 
(°% cut 
on A) 


D (“Skycoach”’) 
New Colonial 
coach cabotage 
2-way fare (°., 
cut on 
A and C)! 


Operators of 
Economy 
class 


F 


Operators of 
Skycoach 


G 
Frequency 
of 
Skycoach 


H 


Old VLF 
2-way fare (° 
cut on A) 





Aden 
Bahamas 
Barbados 
Bermuda 
Hong Kong 
Jamaica 
(Kingston) 
lairobi* 
Salisbury+ 
Singapore 
Trinidad 


£217 16s 
£231 10s 
£268 3s 
£218 13s 
£415 16s 


£252 15s 
£234 
£264 12s 


£363 12s 
£283 10s 





£199 1654 (15%) 
£228 12s5 (14°) 


£183 12s (16%) 
£189 15s (18%) 
£232 15s (13%) 
£180 (17%) 
£374 8s (10°,) 


£212 5s (16%) 
£196 4s (16%) 
£221 8s (16%) 
£327 12s (10°) 
£242 8s (15%) 


£153 (30%) (17°) 

£162 (30°) (15°.) 
£187 4s (30°,) (20°%,) 

£130 (40°) (28°.) 
£311 8s (25°,) (17°) 


£176 Bs (30%) (17%) 
165 12s (30%) (15%) 
£185 8s (30%) (16%) 
£273 12s (25%) (11%) 





£198 (30%) (18%) 





BOAC 
BOAC and C’Eagle 
BOAC and C’Eagle 

BOAC2 

BOAC 

BOAC/BUA/EAA 
BOAC/BUA/CAA 
BOAC2 
BOAC 





BOAC 
BOAC and C’Eagle 
BOAC 
BOAC and C’Eagle 
BOAC 


BOAC 
BOAC/BUA/EAA 
BOAC/BUA/CAA 

BOAC 

BOAC 





Four yearly} 
Monthly 
Monthly 
Monthly 
Monthly 


Monthly 
Fortnightly 
Fortnightly 

Monthly 

Monthly 





(51%) 
(40%) 


£165 





"Via Entebbe. +Via Ndola and Lusaka. (1) Inaugurated Oct. 1960. 








(2) BOAC/Qantas/Air-india pool. 


(3) Still undecided. (4) Old Airwork/HCA “Safari’’ and EAA 


“Canadair Coach."’ (5) Old Airwork/HCA “Safari’’ and CAA “Zambezi."’ Note: BEA operate |ATA-economy fares to Malta and Gibraltar in association with Skyways and 
BUA respectively. No Skycoach fares available on these routes. 
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AIR COMMERCE... 
‘*This Is Skycoach’’ (cont. from page 559) 


Connoisseurs of complex scheduling and pool-accountancy 
problems may note that, of 26 return Skycoach services operated 
per year to East Africa, 13 will be flown nominally by EAA, 
though physically by BUA Viscounts, and 13 by the UK operators 
—seven by BUA Viscounts and six by BOAC Britannias. To 
Central Africa there will be 39 Skycoach return services, of which 
19 will be flown nominally by CAA, though physically 13 will be 
operated by BUA Viscounts and six by BOAC Britannias; the 
other 20 Central African services will be flown by the UK airlines 
—seven by BOAC Britannias and 13 by BUA Viscounts, seven on 
behalf of BOAC (see footnote). 

Skycoach fares do not apply to the Union of South Africa, which 
is not UK cabotage territory. But special low IATA fares, applic- 
able October 1-March 31, are available between Europe and the 
Union. Valid for 90 days, and with stopover facilities at any point 
en route, they are 16 per cent less than the new return economy 
fares (£230 compared with £274). 

Whilst Africa is British United’s sphere of influence, the mid- 
Adantic is Cunard Eagle’s sphere. Next Monday, October 10, a 
113-seat Britannia 310 of Cunard Eagle will inaugurate the first 
scheduled Skycoach service to Bermuda and Nassau. Six such 
services per year will be operated alternately by Cunard Eagle 
and by BOAC. In addition, first-class and economy-class services, 
also by Britannia 310s in each case, will be operated by each airline. 
Cunard Eagle, starting on October 15, will operate fortnightly to 
Bermuda and the Bahamas until the end of the year, and weekly 
thereafter. All operations will be in pool, revenues probably 
being shared on a pro rata basis, i.e., relative to the amount of 
capacity actually operated. The precise terms of the pool agree- 
ment were still being negotiated by BOAC and Cunard Eagle 
as this article went to press. 

Two points of particular interest emerge: first, the Skycoach 
fare to Bermuda, originally set at £153 return, has been reduced 
to £130. This considerable reduction is believed to have resulted 
from low-fare pressures by the authorities in the two Colonies, 
whose flags Cunard Eagle flies. And it is relevant here that since 
last January, Cunard Eagle have been operating special low-fare 
services, with a roughly twice-monthly frequency, at fares of £124 
return to Bermuda and £155 return to Nassau. 

The second point is that, for the first time, a “through-plane” 
connection from London to Miami is now available, because the 
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BRITISH UNITED AiRWays 
CERTIFICATE OF RESIDENTIAL OUAURCANOy 


The new Skycoach fares 
moke it possible for the 
IATA fare structure to 
be undermined, and pas- 
sengers have to fill in 
the form illustrated here 
—a certificate of British 
residential qualifications. 
Similar forms are issued 
by BOAC, Cunard Eagle, 
EAA and CAA 


hereby certify that | am reading in and am travelling from one of the tem 
. not mm any way form par "om 


helow, and that my journey does - vant 
country 


4 4 farther jour ss 








Cunard Eagle Britannia first- and economy-class services to Nassay 
will be extended to Miami (a route on which, incidentally, Cunanj 
Eagle are already operating a four-times daily Viscount service) 

These new British Skycoach services, like the old Colonia). 
coach operations that they now replace and extend, will crear 
a fresh market for Britain’s airlines and may eventually influence 
the international fare structure. At present frequency is very low, 
and all passengers have to sign a form saying that they hav 
British residential qualifications, so as not to undermine the IATA 
fare structure—though, as someone has pointed out, the British 
airlines cannot be responsible for any non-British passenger per. 
juring himself in order to take advantage of the new low fare. 


_Footnote: BALPA say that the independent [British United Airway) 
pilots who will be operating the new low-fare Skycoach services wil 
be carrying out their duties “under a sense of gross injustice.” This, 
says BALPA, is because they will be operating services on behalf o 
the corporations whose pilots operating similar services are paid: 
third more than independent pilots. BALPA says that it has bee 
striving to obtain the same rates of pay “for all pilots who fly the sam 
type of aircraft and is still continuing in its fight to do this.” 





UP GO THE FEES 


AS expected, UK landing fees are to go up again—as from next 
April. The increases amount to about one-third and are 
viewed with unanimous dismay by the corporations, independents 
and foreign airlines alike. BEA, for example, say bluntly that they 
may now have to reconsider their plans for lower fares. 

The increases, say the Ministry, “will substantially reduce the 
deficit [£6.4 million in 1958-59] arising from the provision of 
these airports and their facilities.” 

The airlines have protested vehemently, their main argument 
being that there is plenty of scope for reducing the cost of running 
Britain’s airports—which is the other way in which the Ministry 
can “substantially reduce the deficit.” Pertinent references here 
are the Second Report from the Committee of Public Accounts, 
Session 1959-60 (HMSO, price 2s), and Chapter 13, “Towards 
Airport Solvency” in Wings Over Westminster (published by the 
Bow Group, 22 St Giles High Street, London WC2, price 8s). 

Precise details of the increases, which average 33 per cent, are 
not yet known: present landing fees (which are themselves 


increases introduced in June 1957) are: (1) aircraft not exceeding 
21,0001b, 6s per 1,0001b; (2) 21-26,000lb, £6 6s; (3) 26-200,000h, 
£6 6s plus 5s 9d per each 1,000Ib exceeding 26,000Ib; (4) over 
200,000Ib, £56 6s plus 6s 6d per each 1,000lb exceeding 200,000b. 
There are very-short-haul rebates for internal British Isles flight, 
of 55-80 per cent for flights not exceeding, respectively, 115 and 
45 st miles. And there are surcharges for aircraft of more tha 
40,000lb bound for destinations outside (broadly speaking) Europ 
of 100 per cent minus £5 for aircraft of 40,000-80,000lb, and 
100 per cent minus £3 for aircraft exceeding 80,000Ib. 

The UK passenger service charge of 7s 6d for internation 
flights, which was introduced in May 1952, is rumoured to k 
going up to 10s. In addition, UK internal flights are to bear: 
passenger service charge for the first time. This charge, it i 
reported, will be 3s 6d. 


PUTTING A PREMIUM ON JETS 


pAstT week, a month or so before the fatality-free second anni- 
versary of big-jet operations, the International Union d 
Aviation Insurers had their annual meeting at Taormina, Sicily. 
Their mood might well be summed up as: “There have been m 
big-jet passenger fatalities yet, but let’s wait and see what tk 
winter brings.” 

There is a hint—no more—in the address of Mr Alan Hunter 
of British Aviation Insurance that premiums may come down ‘f 
winter results show that the present encouraging trend is being 
maintained.” 

Certainly the aviation underwriters have been losing a conside- 
able amount of business due, in IATA’s words, to “steeply rising 
premiums,” which are driving more and more airlines to sel 
insurance policies. 

Among the speakers at the insurers’ a.g.m. were Mr RE 
Hardingham of the ARB and R. H. Jennens of British Aviatio 
Insurance. Mr D. H. F. Graves, general secretary of the insures 
union, introduced a paper by M. Hurel about the implications 
supersonic operations. 


An architect's model of the new permanent BEA west London o 

terminal. Due to be in operation in 1963, it will replace the existing 

temporary accommodation. It has been designed by the Londor fir 
of Sir John Burnet, Tait & Partners 
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FOUR ACCIDENTS LAST WEEK 


HREE fatal accidents to civil airliners occurred last week, and 
| b= October 1 another aircraft was involved in a collision over 
Florida. The Austrian Airlines Viscount which crashed near 








en Moscow on September 26 was making an approach to 
Sheremetievo Airport when the accident occurred. The time was 
then 9 p.m. and about ten minutes before the scheduled arrival 
time of the flight from Vienna. In fog and rain, the aircraft made 
ris two circuits of the airport and then struck a heavily wooded area 
about seven miles from Sheremetievo. It caught fire immediately. 
There were only seven survivors among the 31 passengers and 
— six crew, all the crew losing their lives with the exception of one 
rman stewardess. Among the passengers killed was Sqn Ldr John 
—s Cooke, assistant air attaché at the British Embassy in Moscow. 
ma Ie On September 28 a DC-3 of Compania Mexicana de Aviacion 
=o crashed in a field near Juchitepec, Mexico, as a result of an 
omcwen attempted emergency landing. Of the 15 passengers and three crew 
on board, five were killed and 13 were injured. , 
win An accident on the following day, September 29, involved a 
7m Misrair Viscount on a flight from Geneva to Rome. Up to the 
time of going to press no trace of the aircraft had been found 
other than some gear, but it was assumed that the aircraft had 
been lost in the sea in the area between Elba Island and Mount 
Argentario. The last message, a navigational report, was received 
vassay when the Viscount was about 120 miles north-west of Rome. 
unard Seventeen passengers and six crew were on board. 
rvice The collision near Orlando Airport, Florida, involved an Eastern 
Onial- Air Lines Martin 4-0-4 and a Bonanza. After touching the air- 
Create liner’s starboard wingtip the light aircraft went into a spin from 
uence which it did not recover and the pilot was killed. There were no 
y low, injuries among the 24 passengers and three crew in the airliner, 
> have which landed safely at Orlando. It was on a flight from Jackson- 
[ATA ville to Miami. 
Sritish 
_ BRITISH AIRLINES 1960 PROGRESS REPORT 
HE boom in Britain’s air traffic continues. Increases in the 
rways) carriage of freight, particularly by the independents, a steady 
phen upswing in passenger traffic carried by all operators, a heavy 
half of increase in capacity (with a decline in load factor) on BOAC’s 
paid a western routes, and a vastly greater number of non-scheduled 
s been flights operated by both corporations—these are some of the 
same trends in British air transport over the year ending in June 1960. 
Mid-year statistics just published by the Ministry of Aviation 
show that Britain’s total scheduled passenger traffic increased by 
nearly a quarter, freight by a fifth and mail by one-ninth. Traffic 
~eding just outstripped the extra capacity offered to show an improve- 
000lb, ment in overall load factor from 59.5 to 60.6 per cent. 
) over Taking as the criterion percentage change over the year ending 
000Ib. in June 1959, BEA’s international non-scheduled services—the 
lights, inclusive tour business—showed the greatest increase in any 
5 and category, available c.t.m.s for this purpose rising by 280 per cent. 
> than On the other hand, BEA’s non-scheduled domestic capacity, in 
urope any case only a twentieth of that offered on overseas services, 
», and slightly declined. BOAC, too, had considerably greater capacity 
available for the long-haul charter flights which are now a popular 
tional feature of their business. Their non-scheduled offering increased 
to be to one-ninth of the total available capacity, an increase of 114 
bear 2 per cent on the year before. Five years ago it was only one thirtieth. 
, itis With the introduction of Boeing 707s towards the end of the 
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Pictured at London Airport last Friday, 

September 30, the day he took over from 

“Jimmy” Jeffs, who is retiring, is Mr 

George H. Warcup, new commandant of 
London Airport 


period, nearly half as much capacity 
again was offered on scheduled services 
on BOAC’s western routes in the twelve 
months under review, but although the 
number of passengers carried was up by 
38 per cent and “cargo” (a term used by 
the MoA to define a combination of 
freight and mail) increased by over 40 
per cent, the overall load factor on the western routes fell from 
55.4 per cent to 52.5 per cent. Since passenger load factor declined 
by not more than one and a half percentage points the inference 
is that sufficient freight to fill the big holds of the 707s is not yet 
being found. 

June traffic figures show strikingly how, in twelve months, 
BOAC’s emphasis has swung to the transatlantic routes. Twelve 
months before, the year’s traffic on eastern routes accounted for 
52 per cent of all the corporation’s business. The proportions are 
in process of being reversed; more capacity is now oftered on the 
western routes than on those to the east, and in June passenger 
traffic westwards exceeded that carried eastwards by 40 per cent. 
That western routes loads for the year should still have been less 
than those carried eastwards is a reflection not on the capacity 
offered but on load factors, which fell short of the 61.9 per cent 
eastern routes’ average by 9.4 percentage points. 

How fared the independents? First to catch the eye among the 
Ministry’s figures is the major increase in freight carried on 
domestic scheduled services. This was over 109 per cent more 
than in the previous twelve months. Viewing this in perspective, 
though, the total tonnage was still relatively small, amounting to 
only about one-thirtieth of the total l.t.m.s performed during the 
year. So while passenger |.t.m.s increased by 31 per cent, total 
l.t.m.s rose not much more—by 32.6 per cent. Very little mail 
was carried by the independent airlines between June 1959 and 
June 1960, resulting in a high percentage decrease over the pre- 
vious year, and the volume of inclusive tour traffic—which 
generated load factors of an average 87 per cent—continued to 
decline. This was in spite of June figures which were an improve- 
ment on last year. This trend is more surprising in view of BEA’s 
breakthrough into the IT market. 


SCOTLAND’S TRANSPORT COUNCILLORS 


NE of the two new members of the Scottish Transport Council 
recently Se meg by Mr Ernest Marples, Minister of Trans- 
port, is Mr Ro McKean, BEA manager for Scotland. The 
other newcomer is Col D. H. Cameron of Lochiel, deputy 
lieutenant of Inverness-shire and a member of the British Trans- 
port Commission. 

The terms of reference of the council, which was set up in 
February 1956, are to “examine questions of common interest to 
the transport undertakings which are nationalized, controlled by a 
nationalized undertaking or State-aided, for the purpose of assist- 
ing the persons carrying on those undertakings in the consideration 
of plans for developing an efficient and co-ordinated system of 
public transport in Scotland, and to consult as necessary with 
other transport interests.” 

The secretary of the council is Mr M. M. Stuart and the offices 
are at 21 Castle Terrace, Edinburgh 1. 





Below is the scene at New York International when President Nasser of 

the United Arab Republic arrived to attend the UN General Assembly 

in a Comet 4C of Misrair, United Arab Airlines. The map on the left 

shows the airline's current route network. Misrair is the subject of an 
article on pages 588-589 
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AIR COMMERCE... 


AFTER eight months’ operation on the route to Brazil, Uruguay, 

Argentina and Chile, BOAC are to date making a small profit 
on their South American service. Although the route’s potential 
was resolutely upheld by the corporation when the South American 
service re-opened, it was generally accepted that the service would 
be one on which, for some time to come, it would be extremely 
difficult to operate profitably. In view of the capacity already on 
the route the best that could be hoped for, it seemed, was that the 
South Atlantic would generate a profitable amount of traffic over 
the triangle of BOAC’s routes between Europe, New York and 
South America. 

A number of factors have combined this year to upset widely 
accepted forecasts that the route (to quote the December issue of 
the BALPA journal The Log) was “absolutely certain to lose 
money for BOAC over the next five years.” One of these has been 
the effect of the Great South American Rate War which, viewed 
in the context of autumn 1960, has not been entirely an unmitigated 
evil. While the rate war resulted in an additional £}m “sales 
costs” to BOAC on sale of tickets to Europe (some airlines are 
said to have offered rebates of up to 75 per cent) the additional 
traffic generated for all airlines has put a different complexion 
on an anxious situation. BOAC’s load factors since the service 
re-opened on January 25 have “for long periods” exceeded 90 per 
cent first class and have been between 80 and 90 per cent tourist 
class, with the result that the corporation have already recaptured 
about nine-tenths of the share of the traffic that was relinquished 
completely in 1954. 

Also on the credit side of the operation has been a bonus on 
operating costs resulting from an increase in Comet utilization on 
all routes (it is currently more than 10hr per day), developed 
Comet operating techniques which have resulted in a general 
reduction in fuel costs and, to some extent, conservative 
estimating. Less tangible is BOAC’s good reputation in South 
America as an accomplished jet operator. 

The present profit is still a real one when station costs and 
other overheads (including the costs of the rate war) allotted to 
this first year of operation are taken into account, although with 
the European winter and big-jet competition ahead, BOAC may 
not be able to maintain their profitable position over the full 
twelve months. Also, additional business generated by the rate 
war has convinced the corporation that winter fares are at present 
too high to attract passengers in profitable volume or even to keep 
the market “clean”—they are having to compete against South 
American ticket offices which are even now offering rebates 
reputed to be up to 20-30 per cent. Rates problems affect the 
whole of South America. Commenting at Copenhagen on South 
American fares, IATA’s traffic advisory committee said : — 

“For more than a year past, there have been serious attempts by IATA 
members, governments and non-IATA carriers in the area to remedy 
a serious instability of fares on routes serving South America and con- 
necting it with the rést of the hemisphere. As the result of several 
meetings, the Honolulu Conferences agreed certain fares which were 
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to be put into effect provided other carriers would adhere to Published 
fares at a stated percentage below these levels. While some of the 
non-IATA carriers concerned have tended to adhere to these terms, j 
is not yet clear whether all governments in the area are Teady bo 
take the necessary steps to stabilize the situation.” 

Further competition will face all operators on the Soy 
Atlantic under the arrangement recently concluded betwee 
Panair do Brasil and TAP. The former’s DC-7Cs are to be use 
alternately by each carrier between Rio and Lisbon. This winte; 
Portuguese emigrants southbound and “Brazilian residents” north. 
bound will be carried at 50 per cent less than the normal tourig 
fare. In the meantime, the proposed BOAC-Panair pool agree. 
ment, which might have done much to stabilize the South Atlantic 
situation, is temporarily in abeyance. 

Signals communications which have been overtaken by jg 
speeds, the normal reservations difficulties on a multi-sector roy. 
a deteriorating runway at Recife—there are plenty of problems 
solve on the South American operation. When the Sao Paub 
airport of Cumbica reverts to military operation, BOAC may hay 
to move to Viracopos—60 miles from the city. 

“When the route started,” comments Mr M. A. Snowball, 
assistant general manager, western routes (South America), “every. 
one had the impression that South America was difficult. In fag 
it is not difficult, but it is certainly different. It’s no good banging 
your head against a brick wall; you’ve got to be flexible in you 
approach.” 

BOAC’s attack on attracting traffic to the route is two-pronged 
In the first place, a really major effort is being made to revive 
British industry interest in the modern South American market, 
in which traditional trading commodities are being replaced by 
a demand for machine tools, heavy and other engineering products, 
A recent national newspaper advertisement prepared jointly with 
the London - South American bank is typical of this campaign 
Secondly, the corporation is out to attract South America 
tourists to London as the shopping and entertainment centre o 
Europe. The rate war pointed the way, and no doubt BOAC 
would be very happy if excursion fares which would attract South 
Americans to Europe in the winter are an outcome of the presen 
Cannes conference. 

Next year, when BOAC’s Comets are up against 100 per cen 
jet competition from nine other carriers, the going will toughen 
But the Comet may still be the only jet suitable for the low. 
bearing-strength runway at Santiago, forcing the big jets to ter- 
minate at Buenos Aires. Otherwise, the corporation cannot hop 
to compete on an elapsed time basis (the fast, long-haul “cannon 
ball” service is not truly practical) but will continue, with th 
Comet, to compete on highly saleable frequency. If economy fare 
are introduced on the South Atlantic, perhaps next year, it woul 
be difficult to operate the Comet on a three-tier fare structure 
But there are other solutions, not the least of which could bh 
the introduction of the corporation’s Boeing 707s or, in 1%, 
the VC10s. 








(Left) Gen John Schweizer of the Bell Aircraft Corporation presents Lord Douglas, chairman of BEA, with the Lawrence D. Bell Helicopter Pioneer 





Award. At left is Mr A. H. Milward, BEA’s chief executive, and on the right is helicopter pilot “Jock” Cameron. The corporation has been operating 
helicopters since 1947. Just visible is BEA’s Bell 478 which the corporation believes is the oldest helicopter still flying. (Right) Not immediateh 
wpparent is a connection between BEA and these DC-3s in Nigeria Airways’ colours. Part of BEA's Pionair fleet, three aircraft have been chartered 


to Nigeria for a month during Princess Alexandra's tour. They were ferried out by Nigeria Airways crews on September 24 
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AIR COMMERCE... 


AMBASSADORS FOR OVERSEAS AVIATION 


HE four remaining BEA D.H./Airspeed Ambassadors, or 
‘TD pachothoms as they are more widely known, have been bought 
by Mr Ronald Myhill, chairman of the Overseas group, for 
Overseas Aviation. The price is not disclosed, but it is said to 
include most of BEA’s remaining Ambassador and Centaurus 
spares. The aircraft are to be used for general contract and 
charter work, and for scheduled services if present Overseas 
applications are successful. Two Ambassadors are to be resold. 

In addition, Overseas have recently bought three ex-WAAC 
Heron Is, and have placed an option on two more. Two of the 
three will probably be used for UK internal schedules, if current 
applications are approved, and may be based at Sywell (Northamp- 
ton). The other one will be used by Mr Myhill as his personal 
aircraft in place of the Dove he uses at present. 

Overseas appear to be continuing their remarkable rate of 
expansion. They started operations in March 1958, and their fleet 
now comprises six Argonauts (three of the original nine having 
been sold to the Danish independent Flying Enterprise), two 
Ambassadors, five Vikings, three Herons, and one Dove. 


BEA ANSWERS COMPLAINTS 


CARCITY of seats on BEA’s London - Edinburgh service has 

been the subject of recent letters to The Times. One corres- 
pondent complains that a fortnight’s notice is required to be 
certain of a seat. The suggestion that BEA ought to “increase the 
supply and thus increase profits” is put forward also. ; 

In reply in The Times Mr Anthony Milward of BEA points 
out the cost of attempting to meet peak demands, a cost that has to 
be borne by the public in the form of higher fares. He points out 
also that the Edinburgh schedules were planned in September 
1959, and for an increase in business of 52 per cent—“but even 
this in the event has proved insufficient.” He emphasizes the 
time-lag required to step up preduction in the airline business, and 


Mr H. E. Kinsley has been appointed by 
Central African Airways as manager, 
Northern Rhodesia, based at Ndola 


the fact that the planning of route pat- 
terns has to be done well in advance. 
Mr Milward hopes that there will be no 
reason to complain in the future of 
BEA’s efforts to provide “seats for all 
on these important routes.” 
Another correspondent, voicing an 
argument which will no doubt be heard 
regularly at forthcoming Air Transport 
Licensing Board hearings, says: “Perhaps the new Air Transport 
Licensing Board will be bold enough to permit other operators to 
fly services in parallel with BEA, provided they make an intermedi- 
ate landing. Liverpool, Leeds and Newcastle are all possible s:ops 
on the Scottish routes. BEA would be fully protected as no traveller 
would use the stopping service unless the direct flights were full.” 
This correspondent further points out that BEA have always 
opposed applications of other operators anxious to provide extra 
internal services, having “even persuaded the Air Transport 
Advisory Council to time an independent [Starways] Glasgow - 
Liverpool service so that it would not connect with a Liverpool - 
London [a!so Starways] flight.” 


THE COST OF BUILDING JAPAN’S YS-11 


‘Tt Japanese government and the Nippon Aircraft Manufac- 
turing Co are planning to fix the 1961 budget for production of 
ae YS-11 twin-Dart feederliner at £870,000, broken down as 
ollows :— 

Materials, £253,000; jigs, £79,000; parts, £388,000; develop- 
ment, £60,000; engine and propellers, £51,500; interest, £34,600. 
A note about the total expenditure planned for YS-11 production, 
and the firms who will share the work, appeared in Flight of 
July 1, page 26. 


BREVITIES 


TEAL made a profit after taxation in 1959/60 of £A110,000, com- 
pared with £A112,000 in the previous year. 


The ExIm Bank has given Air-India $4.1m credit, 68 per cent of the 
$6m cost (including spares, ground equipment and training) of their 
fourth Boeing 707-420. Repayment will be over seven years, Air-India 
paying 20 per cent before delivery (in April 1961) and Boeing 12 per cent. 


Another ExIm Bank airline financing agreement has been completed 
with El Al in respect of their two Boeing 707-420s, due to be delivered 
in May and June 1961. The loan of $8.9m (£3.2m) over seven years 
covers a major portion of the total cost of the aircraft and ground 
support equipment, though not of the Rolls-Royce Conway engines. 


Last Monday, October 3, Silver City were due to inaugurate with 
70-seat Hermes a Service airlift on behalf of the Air Ministry between 
Manston and Wildenrath and Dusseldorf in Germany. About 3,500 
Servicemen and their families are expected to be carried in each direction 
each month, and if the experiment is successful “it is proposed,” say 
the Air Ministry, “to place further contracts for a changeover to all-air 
trooping on this route” during the second half of 1961. 


The training of BOAC Boeing 707 crews is due to be moved from 
St Mawgan, Cornwall, to Shannon on October 9 following compietion 
of runway extensions at the Irish airport (10,000ft is now available). 
During the winter there are fewer daylight movements through Shannon, 
and there are no restrictions on jet noise—the nearest town being 
Limerick 18 miles away. From October to March BOAC will have 
about 30 Boeing 707 pilots under training. 


Differences have arisen between Lufthansa and Air Union not only 
on the question of the German airline’s slice of the Air Union cake, but 
also regarding the nature and extent of government influence. There 
are also conflicting opinions as to the methods and aims of Air Union. 
This is evident from a report to the government by Herr Hans Bongers 
of Lufthansa. In a submission to the Transport and Budget Committees 
in the course of Federal Government hearings on the problems facing 
Lufthansa, Herr Bongers notes also that an order for medium-range jets 
is likely soon. The aircraft being studied are the Caravelle and 727. 


A lecture entitled “Economics of the Peak in Air Travel” is to be 
given by Garret Fitzgerald, economic adviser to Aer Lingus, on Tuesday, 
October 25, at 6 p.m., at the conference room, 3rd Floor, Control Tower, 
London Airport Central. Sponsors are the Institute of Transport, West 
Middlesex Group. Other lectures at the same hour and place will be 
on Tuesday, November 29, by Mr A. J. Burkart, BEA’s advertising 
manager, whose subject is to be “Airline Advertising”; and on Tuesday, 

ber 20, when Messrs P. Garner and D. Hollings (manager, 
methods services, flight operations, BOAC) will speak jointly on the 
subject “Organization and Methods Work in Air Transport.” On 
Tuesday, January 31, Capt G. A. Yarotski, the UK representative of 
Aeroflot, will talk on the subject “Air Transport in Russia Today.” 
Visitors are welcome, and inquiries should be addressed to the Hon 
Secretary, Mr A. E. Smith, 39 Bath Road, Harlington, Middlesex. 


D 


The 200-hr Vanguard programme which is to be undertaken by BEA 
to prove the Rolls-Royce Tyne engines was due to begin this week. A 
further S5Ohr are likely to be called for after strip and ARB inspection. 
It is expected that BEA will receive two certificated Vanguards in time 
for ad hoc services during the Christmas rush. 

The latest market report published by Aircraft Exchange has seven 
Viscount 708s (Air France) on offer, one for £143,000, another for 
£146,000, and the others for lease at between £3,900 and £5,200 per 
month. Three Air France 708s have already been sold to Maitland 
Drewery Aviation (Flight, June 24, page 880), though this UK inde- 
pendent is now offering them—together with a Viking—for sale. 

Capital’s shareholders’ association is reported to have recommended 
the approval of the proposed United-Capital merger, and the CAB is 
refusing requests by 
other US carriers that 
the Capital route net- 
work should be cur- 
tailed as a condition of 
the merger. Meanwhile 
negotiations are taking 
place between the two 
carriers with a view to 
the leasing by Capital 
of a Boeing 720 in 
December and another 
in January for opera- 
tion on the Florida 
route during the Christ- 
mas rush. 


Now being built in mid- 
town Manhattan near 
Grand Central Terminal 
is the 59-storey, £35m 
PanAm Building, which 
will be the world’s 
largest commercial 
office. It will be owned 
by British as well as 
American interests, and 
the major tenant will 
be Pan American, who 
will in 1963 house their 
executive offices, traf- 
fic and sales, reserva- 
tions, engineering, 
communications and 
other departments—at 
present widely  dis- 
persed in New York— 
in the new building 
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AVIATION ELECTRONICS 
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Principal Manufacturers 
—- as Automatic Landing 
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The Target 
The Application 


Redundancy with Economy 
The Automatic Control System for the VCIO 
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Marconi Radio for the VCIO 
S.T.C. Radio Altimeter for the VCIO 


Thoughts on Scheduled Automatic Landing 
Microminiaturization of Airborne Electronic Components 


Principal Manufacturers 


Airmed Ltd, South Road, Temple Fields, 
Harlow, Essex. Oxygen masks and an- 
cillary apparatus, aircrew head-sets and 
boom microphone on protective helmet; 
designers and manufacturers; assembly 
and machined components. 


Airtech Ltd, Aylesbury and Thame Air- 
port, Haddenham, Bucks. Aircraft sub- 
assemblies and components; design, manu- 
facture, overhaul and repair of radio and 
electrical equipment, mobile radio and 
radar; cloud-base recorder. 


Amplivox Ltd, Beresford Avenue, 
Wembley, Middx. Manufacturers of 
hand-held and boom microphones, aircrew 
headsets, including the Amplilite, and 30z 
assembly. 


Anticoustic Co, Sussex House, 204 High 
Street, Guildford, Surrey. Manufac- 
turers of aircrew headsets, including the 
Nosonic Mk 6 with noise cancelling boom 
microphone. 


Aron Electricity Meter Ltd, 72-82 Salus- 
bury Road, Kilburn, London NW6. 
Bombsights, computers, oxygen regulators; 
loop equipment; meters, valves; counters; 
control unit instruments; mountings. 
Associated Electrical Industries Ltd (Air- 
craft Equipment Group), Raglan Street, 
Coventry. Design, development and 
manufacture of complete electrical power 
and engine-starting systems, magnetos, 
switches, circuit breakers and high-tem- 
perature silicon rectifiers. 

Associated Electrical Industries (Wool- 
wich) Ltd, Woolwich, London SE18. 
Pattern, miniature and radio frequency 
cables; equipment and winding wires, 


Typical voltage and frequency regulator by 
Associated Electrical Industries 


Solon soldering irons, jointing tapes, semi- 
conductor devices; lamps, cables and 
signal equipment for aircraft, aerodromes 
and airports. Sting Ray tracking radar for 
Bloodhound. 

Bakelite Ltd, 12-18 Grosvenor Gardens, 
London SW1. Copper-clad plastics lami- 
nates for aircraft electronic equipment; 
Bakelite plastics. 

Baxter, Woodhouse & Taylor Ltd, Wood- 
side, Poynton, Cheshire. Various elec- 
trically heated covers for aircraft com- 
ponents, electric de-icing; pressurized air- 
crew helmets. 

B. and M. Electronics Ltd, 6] Gatwick 
Road, Crawley, Sussex. Design and pro- 
duction of wiring and sheet metal-work. 


Belling & Lee Ltd, Great Cambridge 
Road, Enfield, Middx. Screened and un- 
screened connectors for every purpose, 


— ee 


Transmitter of Airtech cloud-base recorder 


Airmed boom microphone on protective helmet 


terminal blocks, circuit protection gear anj 
interference suppression equipment. 


Sir W. G. Armstrong Whitworth Aircni 
Ltd, Baginton, Coventry. Telemen 
precision recording and data handling 
equipment. 


Blackburn Aircraft Ltd, Brough, York 
Electronic equipment including digi) 
voltmeters, Hall effect analogue multiplier, 
constant voltage transformer, data logging 
and amplifier equipment, analogue » 
digital converter, digital clock and outpy 
printer. 


Boulton Paul Aircraft Ltd, Wolverhamp- 
ton. Electronic research and test equip 
ment. 


G. & E. Bradley Ltd, Electral Hou 
Neasden Lane, London NWI10. Ele. 
tronic research engineers and manufx- 
turers; Tacan performance tester Typ 
10166 developed for MoA. 


Bristol Aircraft Ltd, Filton House, Bristol 
Electronic testing, telemetry and dan 
reduction equipment. 


British Communications Corp Ltd, Cor- 
nation Road, High Wycombe, Bucks. HF 
and VHF communications radio for fixed. 
mobile and personal, ground and ground. 
to-air use; Communications system pla- 
ning; military and civil equipment. 
British Insulated Callender’s Cables Lid 
P.O. Box No 5, Norfolk House, Norfolk 
Street, London WC2. Electrical insul- 
ing materials, wires, cables and fi 
solders, fluxes; hangars, radio masts ai 
towers; aluminium sheets and_ sections 
copper wires, bars and strips. 


Blackburn Aircraft digital volt meter 





Cossor meteorological radar 


Bryans Aeroquipment Ltd, Willow Lane, 
Mitcham, Surrey. X and Y plotting 
tables, servo instruments and manometers; 
thermo couples and pitot static installa- 
tions; instrument test equipment; oxygen 
demand regulators; cabin pressure equip- 
ment test rigs. 


Burndept Ltd, West Street, Erith, Kent. 
Lightweight five-channel and _single- 
channel VHF transmitter/receivers, UHF 
and VHF Talbe talk and listen beacon 
equipment for aircrew rescue; develop- 
ment and production of special primary 
batteries for guided weapons. 


C.W.C. Equipment Ltd, Acorn Works, 
Kings Grove, Maidenhead, Berks. Wir- 
ing systems; plugs, sockets, connectors and 
switches. 


Chelton (Electrostatics) Ltd, Spittal Street, 
Marlow, Bucks. Aerial equipment and 
static dischargers, including Midget range. 


Chloride Batteries Ltd, Grosvenor Gar- 
dens, London SW1. Exide and chloride 
lead acid batteries; accumulators for air- 
craft, guided missiles and equipment. 


CIBA (A.R.L.) Ltd, Duxford, Cambridge. 
Electrical insulation; Redux, Hidux, Aero- 
web, Araldite, Aerolite. 


E. K. Cole Ltd, Ekco Works, Southend- 
on-Sea, Essex. Electronic equipment, 
including single- and three-phase inverters. 


A. C. Cossor Ltd, Cossor House, Highbury 
Grove, London NS. Electronic instru- 
ments for aircraft and research applica- 
tions. 


Cossor Radar & Electronics Ltd, The 
Pinnacles, Elizabeth Way, Harlow, Essex. 
Surveillance radars and display systems; 
airborne and ground units for secondary 
radar, with side-lobe suppression; ground- 


GEC standard circuit boards for induction digitizer 


Radar tape recorder by Decca Radar 


based weather radar; Gee and develop- 
ments; isolators, circulaters, strip trans- 
mission lines; magnetostrictive delay lines. 


Creed & Co Ltd, Telegraph House, 
Croydon, Surrey.  Aijrborne teleprinters; 
communication equipment. 


John Curran Ltd, Curran Road, Cardiff. 
Turning gears for radars; aero engine test 
equipment for turbo-jet, turbine propeller 
and piston engines; optical glide-path 
indicators. 


Davis & Timmins (Aircraft) Ltd, 270 High 
Street, Ilford, Essex. Manufacturers, 
stockists and distributors of AGS, AS and 
other standard metal components for the 
aircraft industry. 


Dawe Instruments Ltd, 99 Uxbridge Road, 
Ealing, London WS. __ Electronic measur- 
ing instruments; stroboscopes; cable 
manufacturers. 


Decca Navigator Co Ltd, Decca House, 
Albert Embankment, London SEI11. 
Patentees and manufacturers of Decca 
Navigator system; ground transmitters for 
air, marine and survey chains; Decca 
receivers, Flight Log pictorial displays, 
self-setting displays, Omnitrac hyperbolic 
to rectilinear grid converter; roller maps 
for pictorial navigation; DIAN Decca/ 
Doppler combined system. 


Decca Radar Ltd, Decca House, Albert 
Embankment, London SEI1. Large civil 
and military surveillance radars, including 
DASR 1; height-finding radar; complete 
range of interscan display equipment and 
defence systems installations; Type 424 
airfield radars; ground-based weather 
radars; Doppler navigators; radar tape 
recorders; marine radars. 
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de Havilland Propellers Ltd, Manor Road, 
Hatfield, Herts. Check-out equipment 
and components; Firestreak missile. 


Dowty Equipment Ltd, Arle Court, Chel- 
tenham, Glos. Design and manufacture 
of electrical equipment, undercarriages and 
hydraulic equipment for aircraft. 


E.M.I. Electronics Ltd, Blyth Road, Hayes, 
Middx. Designers and manufacturers of 
radar, radio and electronic equipment of 
all types for aircraft and guided weapons. 


E.R.S. (London) Ltd, Brookwood Road, 
London SWI8. Connectors, wiring 
looms, aerial kits, junction boxes, insulator 
assemblies. 


Ekco Electronics Ltd, Ekco Works, South- 
end-on-Sea, Essex. Single and dupli- 
cated airborne weather radar; low cost 
cathode-ray direction finding equipment; 
simplified precision approach radar. 


Electro Mechanisms Ltd, 220 Bedford 
Avenue, Slough, Bucks. Designers and 
manufacturers of electronic and electro- 
mechanical measuring and test equipment. 


Elliott Brothers (London) Ltd, Century 
Works, Lewisham, London SE13. Civil 
and military autopilots, including VC10 
autopilot and automatic flare-out system; 
air data sensers; auto-throttle controls; 
radar, including Leader Beacon; inertial 
navigation system for Blue Steel; Bendix 
PB-20 autopilot and airborne VHF radio; 
interphone systems; guided weapon equip- 
ment; fuel-flow and tachometers; gyro- 
scopes; servo-mechanism components; 
sirain gauges. 


English Electric Co Ltd (Aircraft Equip- 
ment Division), Phoenix Works, Bradford 
3 Alternators; brushless and conven- 


tional generators and associated equip- 


ment; Sundstrand constant-speed drives; 


Ferranti Airpass II 
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linear and rotary actuators; AC and DC 
motors for aircraft and missiles. 


English Electric Aviation Ltd (Guided 


General Precision Systems Comet VB simulator for BEA 
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instrumentation for missile launching sites 
and rocket test installations; inertial navigg. 
tion equipment; adaptive autopilot. 

Alfred Imhof Ltd, Ashley Works, Cowley 
Mill Road, Uxbridge, Middx. Instr. 
ment housings and racks; Imlok contr 


Weapons Division), Stevenage, Herts. consoles. 

Missile equipment, includin inert_al ‘ aoe 

outie eaten. . . Kelvin & Hughes (Aviation) Ltd, Empire 
, : Way, Wembley, Middx. Flight, naviga. 

Epsylon Industries Ltd, Faggs Road, tion, engine and test instruments, includi 


Feltham, Middx. 
trial television. 


Tape recorders, indus- 


Erma Ltd, Mount Pleasant, Alperton, 

















air data computers, servo altimeters 
compasses; roller-map navigation displays; 
roller-blind instrument system. Worki 






















Wembley, Middx. Manufacturers of — + pong D.H. Trident automatic Sol 
solderless terminals, cable lugs and crimp- a 
ing equipment. Lancefield Aircraft Components Ltd, AV! 
, . . «es . Herries Street, London W10. Radar 
Ferranti Ltd, Hollinwood, Lancs. Gyro- Kelvin Hughes precision altimeter waveguides, heavy sheet metal assemblies; 
scopic gunsight and radar fire-controls, protective covers; tube work; tanks; light Mie 
including Airpass I and II and ISIS; gyro sheet metal and tubular assemblies; seats 7 
flight instruments; radar and navigation and upholstery wd) 
equipment; helicopter flight director; in- “a ’ equ 
dustrial and air traffic control computers; Joseph Lucas (Batteries) Ltd, Great King F. 
radar cathode-ray tubes; valves; silicon Street, Birmingham 19. Aircraft and Sho 
junction diodes; rectifiers; transistors; ground batteries. tric 
COOREES-GRSTES SONNE. Joseph Lucas (Gas Turbine Equipment) Mu 
Denis Ferranti Meters Ltd, Caernarvon Ltd, Shaftmoor Lane, Birmingham 28. Tor 
Road, Bangor, Caernarvonshire. Electro- Electrical accessories; ignition screening zed 
mechanical instrument manufacturers. harness. ton 
Formica Ltd, De la Rue House, 84-86 M.B. Metals Ltd, Vale Works, Vale Road, - 
Regent Street, LondonW1. Copper-clad Portslade, Sussex. Switches, plugs and Rec 
laminates used in printed circuitry; indus- sockets; electrical accessories. alc 
aries Conmunaten, M.L. Aviation Co Ltd, White Waltham ; 
General Electric Co Ltd, Magnet House, Aerodrome, Maidenhead, Berks. Elec- thy: 
Kingsway, London WC2. Electrical tro-mechanical releases; electrical and Mu 
equipment for aircraft; all types of airfield electronic equipment. We 
ee McMichael Radio Ltd, Langley Park, mu 
. : Slough, Bucks. Radio and _ electronic I 
General Electric Co Ltd (Applied Elec- equipment; radar trainer; sub-miniature = 
Athan Laboratories), Wembley, Middx. icrocell type 165 transistorized portable “CUltty. sets 
Airborne fire-control radars; guided oscilloscope Marconi Instruments Ltd, Longacres, St 
pi me se electronics, ee Sea Slug; Albans, Herts. Telecommunication test ~ 
telemetry equipment; allied test equip- ; “lei ; re 
ment. Grundy & Partners Ltd, Gomer Place, ‘Wipment for checking airborne = Sew 
i Teddington, Middx. Radio connectors found-based radio installations; industn pile 
General Precision Systems Ltd, Bicester and electrical harness wiring. X-ray apparatus for inspection of ait ovr 
Road, Aylesbury, Bucks. Synthetic flight : frames, missiles and gas turbines. _ 
trainers; Link trainers; electronic flight Guest Keen & Nettlefolds (Midlands) Ltd, : 2 mer 
: Atlas Works, Darlaston, Staffs. Aircraft Marconi’s Wireless Telegraph Co Lid, N 
simulators and multi-engined trainers usin > ff : — 
. pene ae plone . S fasteners: bolts: nuts. including “Aero- Marconi House, Strand, London WC72. 
electro-mechanical computing devices; air ‘@Steners; cs; nuts, bi 8 ° - HF Ros 
traffic control data handling systems; tight” stiff nuts; screws, rivets; washers. Airborne and es _ sd clu 
industrial computers. Hairlok Co Ltd, Iddlesleigh House, Caxton emer ange VOIR benornes anilient regi 
Girdlestone Pumps Ltd, 25 Davies Street, a — Bg mescomge A nes and civil surveillance and tracking radars S. | 
- : . ive packaging for instruments, electronic 4 : : P hing 
London Wl. Aerials, connectors, plugs, a Ah : ; and height-finders in all wavebands; com- 
plugs, ear and missiles; rubberized hair . Rac 
sockets and components. 8 - ; plete traffic control and defence display 
: Hellermann Ltd, Tinsley Lane, Crawley, systems; crystal-tuned and _ lightweight use 
Goodmans Industries Ltd, Axion Works, Sussex. Cable sleeves, binding and tub- ADF; microwave links; test equipment. Par 
Wembley, Middx. Vibration equipment; ing; pressure bungs and housings; sealing G Ele 
microphone loudspeakers and radio trans- glands, P. clips; cable strapping and studs, Metachemical Processes Ltd, 41-43 Gat- Lal 
formers. grommets; lubricant; PVC tubing, cable =— eee a gro 
Graseby Instruments Ltd, Kingston-by- ‘¢tminals and crimping tools. Micrograin nickel electroforms for aircraft - 
pass Road, Tolworth, Surrey. Accelero- Hendrey Relays Ltd, 392 Bath Road, 4e.icing; Indium primary electrical cells . 
meters; centrifuges; clocks; fuse mechan- Slough, Bucks. Telemetry instruments; for missiles: general plating Phi 
“— . : ; cen : ; . ; P She 
isms; gauges; gears; gyro test tables; aerial survey equipment; relays and 
gyroscopes and gyroscopic apparatus; pres- switches. Micanite & Insulators Co Ltd, Empire Lig 
sure transducers; pitot heads; stroboscopes; Honeywell Controls Ltd, Ruislip Road Works, Blackhorse Lane, Walthamstow, gro 


torque amplifiers. 





East, Greenford, Middx. Micro-switches; 
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Microcell Ltd, Ingersoll House, 9 Kings- 
way, London WC2._ Electronic test 
equipment. 

F. G. Miles Ltd, Shoreham Airport, 
Shoreham, Sussex. Electronic and elec- 
trical components; flight simulators. 


Mullard Equipment Ltd, Mullard House, 
Torrington Place, London WC1. Special- 
ized electronic equipment for communica- 
tions and navigation. 

Mullard Ltd (Valve Division), Century 
House, Shaftesbury Avenue, London WC2. 
Receiving, special quality, transmitting, 
microwave, modulator, gas-filled rectifying, 
special purpose valves; cathode-ray tubes, 
thyratrons; transistors and crystal diodes. 


Murphy Radio Ltd (Electronics Division), 
Welwyn Garden City, Herts. VHF com- 
munications transmitter/receivers; civil 
and military DME; cabin address systems; 
airborne and ground units of Leader Cable 
for automatic landing; test and measuring 
sets for laboratory use. 


Louis Newmark Ltd, Aircraft Division, 
Prefect Works, Purley Way, Croydon, 
Surrey. Autostabilizers; helicopter auto- 
pilots including Mk 19 for ASW; precision 
gyroscopic and capsule-operated instru- 
ments; Lear and Downer licences. 

Newton Brothers (Derby) Ltd, Alfreton 
Road, Derby. _ Electrical equipment, in- 
cluding transistorized voltage and current 
regulators, transformers and generators. 


S. E. Opperman Ltd, Stuart Works, Stir- 
ling Corner, Boreham Wood, Herts. 
Radar mechanisms for air and ground 
use; gears and gearboxes. 


Partridge, Wilson & Co Ltd, Davenset 
Electrical Works, Evington Valley Road, 
Leicester. Davenset mains - operated 
ground power-trucks; automatic battery 
charging rectifiers and high discharge 
battery tester. 

Philips Electrical Ltd, Century House, 
Shaftesbury Avenue, London WC2. 
Lighting equipment for aircraft and 
ground installations. 











Redifon 
simulator 


Left, radar 





"Right, flight instru- 
ments and pilot's 
controller for the 
automatic controls of 
the Trident, by 
Smiths, Sperry and 
Kelvin Hughes 


Piezo Ltd, 26 St Albans Road, Watford, 
Herts. Radio quartz crystals; special- 
ized electronic equipment. 


Plannair Ltd, Windfield House, Epsom 
Road, Leatherhead, Surrey. Centrifugal 
and axial blowers for cooling electronic 
and electrical equipment. 


The Plessey Co Ltd, Vicarage Lane, Ilford, 
Essex. Complete aircraft electrical sys- 
tems; constant-speed drive; relays, 
magnetic indicators, circuit breakers, con- 
nectors, pre-formed wiring; missile elec- 
tronics; airborne and ground VHF and 
UHF ssilicon rectifiers; crystal ovens; 
microminiaturization techniques. 


Pritchett & Gold and E.P.S. Co Ltd, 137 
Victoria Street, London SW1. Dagenite 
airborne and ground starter batteries. 


R. B. Pullin & Co Ltd, Phoenix Works, 
Great West Road, Brentford, Middx. 
DC and AC motors; synchros; transistors 
and magnetic amplifiers; turn and slip indi- 
cators; instruments and test sets. 


Pye Telecommunications Ltd, Newmarket 
Road, Cambridge. VHF and UHF fixed, 
mobile and portable radio; Pye directional 
ILS; control equipment and transistorized 
loud-hailing equipment. 


Racal Engineering Ltd, Western Avenue, 
Bracknell, Berks. Communications radio; 
ground and airborne navigation aids. 


Redifon Ltd, Broomhill Road, Wands- 
worth, London SW18. Ground-to-air 
and point-to-point HF and VHF communi- 
cations radio; navigational radio beacons; 
public address systems; flight simulators 
and trainers; radar simulators; Radic 
computer. 


Reid & Sigrist Ltd, Braunstone, Nr 
Leicester. Gyroscopic instruments; 35 
mm _ high-precision cameras; dynamic 
balancing machines; metal processing. 


Rist’s Wires & Cables Ltd, Lower Mile- 
house Lane, Newcastle, Staffs. Aircraft 
cables; wiring or harness assemblies; tele- 
phone cords and cables. 


A. V. Roe and Co Ltd, Greengate, Middle- 
ton, Manchester. Analogue computers 
and data reduction equipment for controls 
and guidance systems. 


Royston Instruments Ltd, Canada Road, 
Oyster Lane, Byfleet, Surrey. Magnetic 
tape crash and maintenance recorders; 
flight test recorders; play-back, presenta- 
tion and data processing equipment. 


Salford Electrical Instruments Ltd, Peel 
Works, Silk Street, Salford 3. Plastic 
film capacitors, quartz crystal devices; 
magnetic materials; strain gauges; filters, 
power packs; thermo-electric cooling units; 
circuit breakers. 


W. H. Sanders (Electronic) Ltd, 49 Con- 
duit Street, London W1. Aircraft radar 
components, waveguide runs, couplings 
and microwave test equipment; regulators; 
gear assemblies. 


W. Bryan Savage Ltd, 17 Stratton Street, 
London W1._ Electronic vibration and 
fatigue testing apparatus. 


Short Brothers and Harland Ltd, Pre- 
cision Engineering Division, Queen’s 
Island, Belfast, Northern Island. Ana- 
logue computers including the Simlac and 
Simlac Minor; control system analyser and 
electronic test equipment; VTOL flight 
controls and Seacat missile. 


Smiths Aircraft Instruments Ltd, Crickle- 
wood Works, London NW2. Smiths 
Aviation Division, with Kelvin Hughes and 
Sperry, are responsible for the D.H. Tri- 
dent flight control system, intended for 
automatic landing. A triplex autopilot and 
all related equipment including a new 
flight director instrument system, are 
under development and a very consider- 
able amount of test flying has already 
established the technique. Also to be pro- 
vided in the Trident is the Para-visual 
Director using “barber’s pole” indicators 
for flight director purposes. The auto- 
matic landing system has been ordered for 
the Short Britannic freighter. Smiths, 
with other companies, were responsible for 
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much of the development work which re- 
sulted in the Blind Landing Experirnental 
Unit Autoland system now being supplied 
to Bomber Command. The Trident and 
Autoland autopilots are respectively 
designated SEP.5 and SEP.4. The SEP.2 
autop‘lot and Smiths Flight System instru- 
ments have been in airline service for some 
years. 

Smiths also produce other flight and 
engine instruments, fuel gauges, synchros, 
small motors, aud allied components. 


Solartron Electronic Group Ltd, Solartron 
Works, Thames Ditton, Surrey. _Oscillo- 
scopes, pulse generators, volt-meters, oscil- 
lators; data handling equipment; analogue, 
digital and analogue-to-digital machines; 
recorders, printers; pressure transducers; 
radar simulators. 


Southern Instruments Ltd, Frimley Road, 
Camberley, Surrey.  Single- and multi- 
channel oscillograph and pen recorders; 
recording cameras; engine indicators; 
transducers; electrical control apparatus. 


Sperry Gyroscope Co Ltd, Great West 
Road, Middx. Flight instruments; 
Rotorace and other navigation and control 
gyros; compass systems; synchros and 
servo components; missile guidance; 
Vickers hydraulic systems. 


Standard Telephones & Cables Ltd, 
Capacitor Division, Brixham Road, Paign- 
ton, Devon. Military and missile elec- 
tronic systems; interference suppressors; 
measurement of electrical interference in 
ground and airborne equipments; com- 
ponents. 


Standard Telephones & Cables Ltd, Radio 
Division, Oakleigh Road, New Southgate, 
London, N11. Airborne VHF communi- 
cations and navigation radio; Tacan; radio 
altimeters; CADF aerials; STAN 7, 8, 9 
ILS; fixed and mobile radio; PVT VHF 
automatic fixing equipment; precision 
approach radar; VOR beacons; HF radio. 


Standard Telephones & Cables Ltd, 
Rectifier Division, Edinburgh Way, Har- 
low, Essex. Conversion of AC to DC 
main power supply circuits; engine starting 
batteries; rectifiers; solid-state devices; 
consultative service. 


Standard Telephones & Cables Ltd, 
Transmission Division, North Woolwich, 
London, E16. Planning, manufacture 
and installation, complete permanent and/ 
or portable radio VHF tele and sound rein- 
forcement systems for airports and aero- 
dromes; S high-speed, automatic 
data message transmission system; elec- 
tronic components. 


Tannoy Ltd, 348-356 Norwood Road, 
West Norwood, London, SE27.  Aijr-to- 
ground high-powered broadcasting 
apparatus; airfield paging and alarm, inter- 
communication and loudspeaker systems. 


Technograph Electronic Products Ltd. 
Eros House, 29-31 Regent Street, London, 
SWI. Printed circuits and allied com- 
ponents for any equipment. 


Teddington Aircraft Controls Ltd, Cefn 
Coed, Nr Merthyr Tydfil, South Wales. 
Automatic temperature and pressure con- 
trols; cabin heating installations; valves; 
switches, seals Machmeters, bellows. 


Telegraph Construction and Maintenance 
Ltd, Mercury House, Theobald’s Road, 
London, WCI. Miulti-core aircraft 
cables; high permeability magnetic alloys 
for lightweight generators; actuators; 
magnetic amplifiers; polythene connectors. 


Sperry VG.202 vertical gyro 


Vernon's Industries 250VA 115V singl 
output 


S.T.C. STAN.7 ILS localizer aerials 


Thermionic Products (Electronics) Ltd, 
Hythe, Southampton. Miulti-channel re- 
cording equipment for traffic control; 
quartz crystal units for frequency control 
in airborne and ground equipment. 


Thorn Electrical Industries Ltd, Great 
Cambridge Road, Enfield, Middx. ‘“Plas- 
teck” lighting; and cockpit lighting and 
fittings; Visual Glide-path Indicator; 
Thorn AN and pygmy connectors; relays, 
transmitter/receiver and communication 
equipment. 


The Trix Electrical Co Ltd, 1-5 — 
Place, Tottenham Court Road, London 
Wi. Cabin address, airfield loud-speaker 
and special audio equipment; Sappho bird 
dispersal system; audio test equipment. 


Ernest Turner Electrical Instruments Ltd, 
Chiltern Works, Totteridge Avenue, High 
Wycombe, Bucks. Electrical instru- 
ments. 


Ultra Electronics Ltd, Western Avenue, 
Acton, London, W3. Sarah rescue bea- 
cons; intercom systems; engine condition 
analyser; navigation aids and electronic 
controls. 


Vactric (Control Equipment) Ltd, 196 
Sloane Street, London, SWI. Servo 
components; motors, bread board equip- 
ment; high-speed. telemetry switches. 


Venner Accumulators Ltd, Kingston-by- 
Pass, New Malden, Surrey. Lightweight 
silver zinc accumulators; time delay 
switches; frequency and time measuring; 
transistorized data logging system. 


Vernons Industries Ltd, Vermail House, 
Mile End, Liverpool, 5. Components, 
equipment and accessories. 


W.S. Electronics (Production) Ltd, Brund 
Road, East Acton, London, W3. UH 
and VHF main and stand-by radios; ais 
borne telemetry; airfield security two-way 
communications system. 


Ward, Brooke & Co Ltd, Westbournm 
Street, High Wycombe, Bucks. Te 
minal blocks; plastics; tools. 


Waymouth Gauges & Instruments Ltd 
Station Road, Godalming, Surrey. 
Electrostatic fuel contents gauge; turbim 
engine temperature equipment; connectos 
and relays. 


Wayne Kerr Laboratories Ltd, Roebuck 
Road, Chessington, Surrey. Electron 
test instruments for radio. 


Western Manufacturing (Reading) Lt, 
The Aerodrome, Reading, Berks. Act- 
ators, switches, solenoids, thermostats; 
electronic test equipment. 


Westinghouse Brake & Signal Co Li 
82 York Way, King’s Cross, London, Nl 
Lightweight blast-cooled Westalite 
selenium rectifiers for aircraft power cl 
cuits; germanium and copper oxide rect- 
fiers for radio and radar circuits; anti-slide 
devices for aircraft brakes. 


Whiteley Electrical Radio Co Ltd, Radi 
Works, Victoria Street, Mansfield, Notts 
Radio Sonde; microphones; component; 
electronic instruments. 


Wilkinson Sword Ltd, Sword Works 
Southfield Road, London, W4. Special 
forged aerials; aerials for missiles. 


Wireless Telephone Co Ltd, 56 Vicaragt 
Lane, Ilford, Essex. Radio and rade 
inter-unit connectors; printed PVC cabk 
markers. 
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equipment is to make it possible for an aircraft to land in 
poor visibility conditions when the human pilot would find 
it difficult if not impossible. But even good-weather landings 
are not at present being achieved with the positive degree of 
safety which is desirable. The pilot’s visual references for pitch 
control are often inadequate, and his work load in a modern 
aircraft is such that he cannot be expected to make the most 
efficient use of those guidance clues which he does receive. It is 
therefore necessary to improve the safety of landings in good 
visibility, as well as to provide a blind landing capability. 

Now that automatic landing has been demonstrated by the 
Blind Landing Experimental Unit at RAE Bedford, the airlines 
wish to incorporate the elements of a system as soon as possible 
in order to gain experience which will ultimately improve overall 
safety and economy of operation. 

While automatic landing offers economic advantages if it 
improves regularity of operation, the improvement is at once 
nullified if the risk of accidents is increased. Automatic control 
must therefore perform more safely than the human pilot and, 
because automatics are independent of visibility conditions, auto- 
matic landing must be better in the worst conditions in which it 
is used than the pilot is in the best conditions. 

An important aspect of the introduction of landing aids which 
is sometimes overlooked is the attitude which airline crews are 
likely to adopt regarding their use. Considerable experience will 


Te major reason for the introduction of automatic landing 


1x 10-7: THE TARGET 


HE Air Registration Board has stated, following research into 

accident records on a sample of representative airline flying, 
that accidents liable to involve fatalities occur during the landing 
phase at a rate of about 0.65 x 10-° per landing. In relation to the 
world’s fleet of large civil passenger aircraft this can be interpreted 
as meaning that, if each aircraft makes two landings per day, there 
will be a landing accident approximately once per year. 

_ The Flight Safety Foundation states that about 40 per cent of 
avil aircraft accidents in the Western World between 1946 and 
1958 occurred during the approach to land. A significant improve- 
ment is therefore desirable. 

Accidents during landings occur for a number of major reasons 
including marginal visibility, bad handling leading to structural 
damage, runway obstructions, burst tyres, and a range of tech- 
nical faults due to equipment failures. If the present safety 
record is to be improved, then procedures and design techniques 
must be developed with the concerted aim of eliminating landing 
accident causes in each category. 

In particular, the introduction of automatic landing should 
lessen the present accident risk in the “bad handling” and 
“marginal visibility” categories. It is well known that “bad 
handling” mostly originates from inadequacy of visual pitch 
guidance; and a highly reliable automatic landing system should 
firstly give a considerable improvement in this case. But even if 
it offers economic advantages, it cannot be allowed to increase 
the accident contribution of the technical fault category. Con- 
sidering the increased equipment required and the relatively more 
important conditions under which not only the aircraft but also 
the ground equipment must now be used, automatic landing does 








Reliability 
in Automatic 
Landing 


by R. W. Howard 
R. K. Baritrop 
G. S. Bishop 

and F. Bevan 


Tran Aircraft Controls Division, 
Elliott Brothers (London) Ltd. 


clearly be necessary before general acceptance is achieved. That 
this is a definite problem is illustrated by statistics which indicate 
a very poor utilization of approach coupling systems at the 
present time. To assist in introducing the system into service as 
soon as possible, the design must ensure that the overall pilot work 
load during approach and landing is reduced; and this requires 
simplicity of pilot operation. Pilot confidence must also be gained 
at an early stage by ensuring that even if some of the equipment 
fails at a critical stage, no action is required to ensure a satisfactory 
landing. 

In view of the various problems, the airlines will probably 
adopt a cautious attitude to the installation of too much com- 
plicated equipment in first generation automatic landing aircraft 
where the return on investment may be somewhat unpredictable. 
The best design will be that which includes the minimum of 
equipment, consistent with safety and functional performance, 
which gives significant improvements over present operation. It 
is also evident that the earliest possible introduction of such 
systems will be facilitated if the designs are confined to known 
techniques and proven equipment. The application of partially 
understood procedures would seriously jeopardize the early 
introduction of civil automatic landing and would possibly delay 
full acceptance for a very long time. More specifically, pilot par- 
ticipation in these manceuvres must be avoided because of the 
unpredictable nature of human response and the severe safety 
requirements in the unfamiliar situations involved. 


not appear to be an easy goal to achieve and an overall equipment 
improvement is required. 

The ARB Proposed Requirement. After considering the require- 
ments for automatic landing, the Air Registration Board has 
suggested that the overall system must be so safe that it will not 
cause a fatal accident risk in the landing phase greater than 
1 x 10-? per landing when it is used in the worst permitted cir- 
cumstances; and 1 X 10-* should be the aim. 

The figure of 1 X 10-’ represents approximately one-sixth of the 
0.65 x 10-§ total accident risk during landing and it can therefore 
be expected that the risk introduced by the automatic equipment 
will be less than the risks which it is intended to remove. 

The maximum risk figure of 1 x 10-? means that civil aircraft 
should average 10’ landings between fatal accidents attributable 
to automatic landing system failures. The operator of a fleet of 
50 long-haul aircraft using automatic control for every landing 
should therefore not suffer more than the order of one fatal 
accident in 300 years caused by the failure of the automatics or 
associated procedures. This is a very low failure probability 
although the overall accident rate from which it is derived is 
considered to be high. The low failure probability which this 
illustrates can clearly never be directly proved by any reasonable 
flying on one aircraft fleet—and there is even less chance of doing 
so with a few experimental aircraft. The achievement of equip- 
ment and operational standards acceptable for automatic landing 
can therefore only be inferred from statistical analysis of avail- 
able evidence including, of course, defect records for the com- 
ponents of the actual equipment as they become available. The 
probability of disturbance of a functionally sound system by 
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severe external conditions must also be assessed. An example is 
gross interference with radio reception. 

Considering the first point only, that of “assessment of prob- 
able equipment failure rates,” it is clear that if the mean time 
between failures (MTBF) of a collection of equipment is known, 
or if it can be inferred from previous experience or from lengthy 
test flying of a developed system, then the probability of failure of 
the equipment during the critical landing stage can be calculated 
from the formula:— 

Critical time 

MTBF 

The critical time is the time between an irrevocable decision 
to perform an automatic landing and the completion of the land- 
ing. Because the decision would only be taken if all the necessary 
equipment were functioning, only subsequent faults need be con- 
sidered. For an unscheduled automatic flare-out or landing this 
decision need not be made until the aircraft passes the minimum 
break-off height, at present about 200ft, so that the critical time 
is about 30sec. For a scheduled automatic landing, i.e., true all- 
weather operation, the decision must be made at take-off and 
the critical period is the whole flight time of the aircraft—a much 
more stringent case which is considered further on page 579. 

Assuming unscheduled operation, therefore, an MTBF of 


a = 83,000hr minimum is required of the automatic 
landing system if all failures are assumed to be significant. Such 
a figure is clearly impossible with any single system of automatic 
equipment so that at least one alternative means of control and 
guidance must be available if a landing is to be completed follow- 
ing a failure of the primary system. The alternatives fall into 
two broad categories, those which include the pilot and those 
which do not. 

If the pilot is included, an automatic system designed to take 
the aircraft below normal break-off heights will presumably not 
significantly disturb the aircraft on failing, but will automatically 
disengage itself so that any manual take-over will be as simple 
as possible. 

A reasonably complex single autopilot is unlikely to achieve a 
guaranteed MTBF of more than 1,000hr (if only because of the 
limitations imposed by basic failure rates of present day electronic 
components) and the probability of failure during the 30sec 

sec 


fea a , 5 
landing period is therefore 1,000hr © 10°. 


single autopilot were employed, a human pilot would be presented 
with an emergency requirement for manual take-over once in 
every 100,000 landings and, in order to meet the ARB minimum 
proposed requirement of 1 X 10-’ for safety of the overall system 
it would be necessary to show that he could then avoid any acci- 
dent in 99 out of every 100 such emergencies. While 100,000 
landings are many when applied to any one operator, they are 
achieved in less than one month by the world’s fleet of large 
airliners. 

If visibility conditions demand the use of artificial aids such 
as flight director instruments during this phase, then the failure 
probability of this equipment too must be taken into account and 
the contribution which the pilot must make to overall reliability 
becomes even greater. It is very doubtful whether a high prob- 
ability of successfully carrying out an unfamiliar task under diffi- 


Probability of failure= 


Accordingly, if the 


1x 10-7: THE APPLICATION 


[F the safety level which a given automatic landing system is 
likely to achieve is to be positively determined, overall assess- 
ments must be made from basic reliability data on individual 
elements of the system. At the design stage, such estimates are 
exceedingly difficult to obtain, because any one system will cer- 
tainly include equipment provided by a variety of different manu- 
facturers and there is hardly any need to elaborate the problems 
which arise. 

The alternative approach is to effect some reasonable break- 
down of the proposed requirement, and then to apportion the 
risk between the parties concerned. This may be carried out by 
making an allocation between ground and airborne equipment 
and between the various airborne systems, the latter involving 
a responsibility which could conceivably be borne by the aircraft 
manufacturer. An equipment manufacturer would then have 
some idea of what the overall proposed requirement could mean 
in relation to his own equipment and would thus be able to 
establish what would ultimately be involved in guaranteeing his 
equipment for automatic landing. Such estimates can clearly only 
be made for each particular arrangement of equipment. 

In the foregoing article it was determined that redundant 
autocontrol equipment must be provided in a civil automatic 
landing system to ensure that at least two independent faults 
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cult conditions can generally be attributed to the pilot; and 
attempt to prove this must certainly be made on actual ¢ 
aircraft in which automatic landings are to be performed, 
significant element of unpreparedness associated with this 
gency would be impossible to simulate in a representative, oT 
economic, series of trials, so that the feasibility or otherwise 
manual takeover is unlikely to be demonstrated in time to be of any 
use. 

It has been said that, in certain aircraft, passive failures» 
the last 30sec before landing will not present the pilot wig 
severe take-over difficulty. But if a single automatic landing sy 
tem is to be acceptable the actual probability of successful 
take-over at low level must be guaranteed, and the collecting ¢ 
satisfactory evidence for this remains an onerous task. It § 
therefore argued that manual reversion, with or without instr. 
ment aids, cannot be assumed to be acceptable during a landing 

An alternative control and guidance system which does ng 
include the pilot, is more amenable to performance predictigg 
and therefore allows more accurate assessment of overg 
reliability. It follows, if this philosophy is adopted, that any itey 
in the automatic landing system, ground-based or ai 
which does not have an MTBF substantially greater thy 
83,000hr must be paralleled by an equivalent independey | 
stand-by item. 

In practice this is a requirement for a substantially comple 
duplication of channels. Any failure must be positively identified 
and indicated to ensure that redundancy is not lost 
an undetected fault and that the faulty equipment is isolated 
Consequently, a third channel, or some other positive means @ 
indicating any failure, or some combination of these, will also be 
necessary. 

Any such system will survive a single fault and contings 
operating. At least two independent faults must occur during 
the 30sec landing period before the system will cease to operate 
If the probability of a single fault in the complete system is g, 
then the probability of two separate faults in the overall system 
is 4p*. Calculation from $p*=10~ gives an acceptable MTBF 
for the overall system (ground and airborne equipment) @ 
30sec/p=19hr. As derived, this is the MTBF of a system 
which any pair of independent faults is assumed to be capable 
of putting the complete system out of operation. In practice, only 
a proportion of double faults will be critical; and the proportigg 
is small when the equipment is divided into a number of sel 
contained redundant blocks so that two faults must occur in th 
same block before the equipment fails. It would then appes 
that an even smaller MTBF could be acceptable. Overall system 
MTBEFs of 19hr can be easily achieved, so no further complexity 
is necessary to cover the safety requirements for unscheduled 
automatic landing. 

It is am important practical issue that 19hr MTBF gives4 
very high probability that a fault will develop in flight and wil 
certainly not be acceptable on utilization grounds. Because th 
operators certainly need a longer overall MTBF the safey 
problem should retreat into the background. As an example, 
the desired figure of 1x10-° can be achieved with an overal 
MTBF of 59hr. 

The proof of a reasonable probability of achieving the basic 
safety figure is the major issue and will certainly be a requirement 
in certificating aircraft for automatic landing. The achievement of 
higher figures may pave the way towards scheduled automatic 
landing. 


during the landing period are necessary to put the system out of 
operation. Such equipment redundancy can be applied in a 
variety of ways, but the overall object is to keep additional equip- 
ment to a minimum, while still meeting the safety requirements. 

Fig 1 (overleaf) shows a possible automatic landing system 
which includes elevator, aileron, rudder, trim and throttle controls 
grouped into four channels. For the purpose of simple assessment. 
only one control channel need be considered in detail because the 
analysis is similar for the other channels. It is convenient to us 
the pitch channel as the basis for the further assessment and it 
suggested here that this should bear a “maximum failure prob- 
ability” allocation of 0.4 xX 10-7 per landing. 

The pitch control channel is considered as part of a system 
which ground radio guidance is used down to touchdown and can 
be divided into five major elements in series, namely, ground radio 
guidance equipment, including aerials and transmission; airbornt 
radio guidance equipment, including aerials and cabling; aulo 
pilot, including sensers other than radio, and cabling; aircral 
control systems, including manual runs, feel units, power contros 
and cabling; airframe and engines. oa 

It is now necessary to postulate a particular arrangement withit 
this pitch channel so that the individual reliability requirements 
of the five basic elements can be deduced. Broadly, if onl 
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fig 1. Equipment groups of an 
automatic landing system 
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unscheduled automatic landing is considered, two courses may be 
followed. Either the pitch channel can be divided into three 
identical sub-channels, or it can be divided into two sub-channels 
with some means of monitoring able to detect and locate a fault. 

If a practical system were to be rigidly based on three complete 
sub-channels, then three independent ground radio systems would 
be required. Simultaneous operation of three such installations 
would be very difficult unless three separate transmission fre- 
quencies and aerial arrays were used. Even if such an elaborate 
installation were technically possible, it is highly unlikely that it 
would be acceptable at major airports and it would certainly be 
reiected at minor ones. Some form of dual monitored ground 
equipment might therefore be more suitable and, if common 
frequencies were used, transmission monitoring with automatic 
changeover to a similarly monitored stand-by might be the best 
solution. Essentially the same probability of complete failure 
would result as in a three-channel system, and only a rapid 
automatic changeover facility would have to be added to the 
duplicated equipment already in service at some major airports. 

A similar argument can be applied in the case of the airborne 
radio guidance equipment. The need for three independent aerial 
installations is viewed with concern by many aircraft manufac- 
turers, who are often hard pressed to find a suitable position for 
a single installation. The contribution of aerials to the overall 
failure probability must be made negligible by basic design 
improvements, so that at most two installations are needed. Then 
either three airborne receivers—or two with adequate monitors— 
would meet the requirements. Design investigations have indi- 
cated that simple positive monitors can be built for both ILS 
receivers and radio altimeters; and at least two items of advanced 
radio equipment now under development in the US already 
incorporate such features. 

High-integrity monitoring techniques can also be applied very 
successfully to autopilot systems and very significant gains are 
possible—a subject covered extensively in the next article. The 
above points, and the considerations of weight, tolerance and 
drift problems to be covered in the next article, lead to the 
proposed use of a monitored-duplicate system in which two sub- 
channels are engaged alternatively and not simultaneously, and in 
which each is monitored by its own comparison system. 

Such a “split-down” in the case of the pitch channel under 
investigation is shown in Fig 2. There are two auto-changeover 
positions, one for the two monitored ground radio installations and 
the other for the autopilot outputs. Each group of equipment is 








Fig 2. A sample control axis of 
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allocated a distinguishing letter and a failure probability written, 
for example, for the “monitored ground radio 
for the “monitored ground radio 2” as a’ 
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complete failure of this channel can then be expressed as in the 


following table :— 





Failure Logic 


Resultant Failure Probability 





(a and a’) or (a and e) 
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Both pz and pn are the probabilities of part of the aircraft flying 
controls or airframe failing during the 30sec landing period. 
Because these meet normal requirements for continuous use, their 
failure probabilities over the 30sec landing period may be 


neglected. 


If the probabilities of failure of the various elements of the 


pitch channel are assumed to be given by pa : 
pr =2:1:1:02:02:0.1 and 


breakdown can be derived as follows :— 


Pe : 


> pe: 


if this failure probability 
expression is equated with the figure of 0.4Xx10-’ for a 30sec 
critical landing time, then the MTBFs for one possible equipment 





Equipment item 


MTBF (hr) for the 
breakdown considered 























Monitored ground radio 64 
Monitored airborne receiver ... 128 
Monitored autopilot 128 
Monitored autopilot servo 640 
Ground radio autochangeover device 640 
Autopilot autochangeover device 1280 
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any number of ways but, if the failure risk allocations are sensible, 
the resultant MTBF will not be very different from the figures in 
the table. They are surprisingly low, as was indicated in the overall 
estimate made in the previous article. Furthermore, calculations 
based on these figures indicate that the probability of the airborne 
‘quipment developing a fault during a five-hour flight is a remark- 
able 38 per cent. The ground equipment reliability is not included 
in this estimate as most faults might be expected to be cleared 
during the five-hour period of the flight of one aircraft. A system 
which just meets the ARB proposed requirement is therefore 
hardly likely to be favoured by the airlines, because it would 
present a serious servicing problem. By the same token, any 
acceptably serviceable system will easily achieve the safety target 
and the more stringent accident risk figure of 1 X 10° per landing 


therefore seems not at all unreasonable. 

It is of interest to view the ARB proposed requirement from the 
standpoint of component reliability. A modern monitored Pitch 
autopilot might contain 100 transistors, 200 diodes, 400 capacitors. 
1,000 resistors, 10 motors, 20 synchros, 80 plugs and sockets ang 
On the basis of component failure 


600 less critical components. 


rates at present being achieved in American commercial equip. 
ment—no comparable figures are available in Britain—it is possible 
to derive a maximum MTBF of 500hr for this equipment. The 
MTBF can be improved only by a higher order of design ang 
quality control in both components and equipment. The operator’; 
requirements allow no relaxation of present standards. These wij 
have to be improved if full automatic landing is to be an economic 
proposition—and if Britain’s present lead in automatic landing js 


to be consolidated. 
So much for 1 x 10°’. 


REDUNDANCY WITH ECONOMY 


‘THE basic requirement for unscheduled automatic landing, as 
stated in the foregoing pages, is that the equipment must 
survive a single failure and ‘continue to operate. Fundamentally, 
this can be achieved by triplication of all equipment. But in 
providing and justifying redundant equipment in civil passenger 
aircraft, consideration must be given not only to overall safety, 
reliability and performance, but also to weight, installation difficul- 
ties, overall cost, maintenance problems and many other factors. 
Unnecessary redundancy must therefore be avoided. Items of 
equipment which are inherently reliable—such as robust 
mechanical devices—and items which can be made to give positive 
indication of their own failure—such as radio receivers with 
built-in failure warning of an acceptable standard—do not need 
multiplication. 

The application of these broad principles can perhaps best be 
understood by considering how a single pitch autopilot as shown 
in Fig 3 can be rendered fail-safe, i.e., capable of automatic dis- 
connection in the presence of any single failure without substantial 
alteration to the flight-path of the aircraft. 

The most obvious method is to duplicate the autopilot com- 
pletely as shown in Fig 4. A discrepancy between the servo motor 
outputs will now indicate failure of one of the autopilots and 
disconnect both. While a fail-safe capacity can be bestowed on 
the autopilot in this way, the weight of the system has been 
doubled. The system as a whole will fail twice as frequently, and 
therefore require twice as much servicing as the non-duplicated 
autopilot. Furthermore, if the disconnection criterion is a differ- 
ence between servo motor displacements or torques, the dis- 
connecting device must have a finite threshold equal to the sum 
of the differences in senser nulls and component tolerances 
between the two autopilots. The threshold must also be large 
enough to accommodate the difference in system dynamic 
responses. 

This implies that one autopilot can be in error by an amount 
equal to the threshold before a disconnection results; and because 
the control surface angle will normally be the average of the 
autopilot demands, an autopilot hard-over can move the surface 
by half the threshold setting before the disconnection occurs, If 
each channel contains an error integrator, further complication is 
introduced because cross-synchronization between the channels 
then becomes essential if nuisance disconnections are to be 
prevented. 

Because the inclusion of a threshold cannot be avoided, the 
same result can be achieved by substituting a “veto-servo” for the 
second servo motor, as shown in Fig 5, and this offers some 
advantages. The basic purpose of the veto-servo is to mechanic- 
ally lock the servo motor drive to earth whenever the difference 
between servo motor and veto-servo outputs exceeds a threshold 
equivalent to that of the disconnection device, independently of 
whether the disconnection device does or does not operate. This 
is therefore another means of mechanically restricting output 
excursions in the event of a failure; and it avoids some of the 
problems which arise in the alternative system in which two servos 
can have command simultaneously. Because the veto-servo is 
never required to drive against high torque-load, it can be 
agen i light and much of the weight of a second servo motor 
1s Sav 

The veto-servo action, although helpful in some cases, is in- 
sufficient in itself to meet the requirements of a fail-safe system in 
that a failure to disconnect could still allow the aircraft to deviate 
from the demanded flight-path; and the pilot might not realize 
that-a failure had occurred. It is essential that effective autopilot 
disconnection should occur, that the pilot should be warned of the 
failure and the control runs automatically freed. The disconnection 
and warning unit can only be electrical and must be made truly 
fail-safe. The design techniques involved in achieving this are 
well known. 
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Fig 3. A single pitch control axis 
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Fig 4. A duplicated pitch autopilot 








Fig 5. A fail-safe pitch autopilot with veto-servo 


Fig 6. A completely monitored pitch autopilot 





DEMAND 
SYSTEM 


DEMAND 


SYSTEM 
[ 





AUTOPILOT | an 





COMPARISON 4’, 


















"oe 





| SERVO 
LS 
A 


ona 


| ERROR 
ae oe Sahel ae ae 
DISCONNECT 








eo. aw 


Satie ap | 


go Oo So. I) oO 


con 





2m the 
| pitch 
ICitors, 
tS and 
failure 
equip- 
DSsible 
. The 
Mm and 
rator’s 
se wil] 
Nomic 
ling is 











7 October 1960 





FLIGHT, 7 








[AUTOPILOT DEMAND SYSTEM ] * 













= p> |MOTOR 


on 


Fig 7. A simplified pitch autopilot 
using basic comparison monitoring 
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Fig 8B. A pitch autopilot with a simpli- 
fied comparison channel 
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In practice, failure of the system to disconnect following an 
autopilot failure will occur only if both the autopilot and the 
disconnection device fail. The likelihood of this is remote as it 
involves a product of small probabilities in the landing phase. 

The acceptance of an dea trically actuated disconnect device 
permits further simplifications of the duplicate channel, with an 
increase in system reliability and a saving in weight. In this 
concept, the second servo motor or veto-servo can be omitted. 
The operation can be checked in a different way by comparing the 
demand of the second autopilot with the effective demand of the 
first which is obtained by suitably processing the actual control 
output with the approximate inverse transfer function of the servo 
motor control loop (see Fig 6). 

The steady state discrepancies between the two signal chains 
can now be reduced by the inclusion of simple washout (d.c. 
blocking) filters so that the threshold setting on the disconnect 
unit may be tightened to improve protection against the hard-over 
type of failure. Provided the washout time-constant is made 
reasonably small compared with that of the integrators, the need 
for a duplicate integrator and cross- -synchronization are eliminated. 
The inclusion of washouts also permits the removal of the duplicate 
pitch and roll autostabilizer rate gyros and filters if it can be 
demonstrated that the signals from these are small under normal 
conditions. Protection against slow runaways, i.e., slow-overs, is 
to some extent eliminated by the washout filters, but it can be 
re-introduced by measuring the error in the controlled quantity 
e.g., height error when on height lock) and disconnecting the 
autopilot when a set level is exceeded. Error thresholds can then 
be chosen separately to satisfy simultaneously any requirements 
for any controlled quantities. For example, with height lock 
engaged, different limits can be set for pitch angle error and 
height error signals. Because the duplicate sensers are used for 
comparison and not for actual control, they can be considerably 
simplified and therefore made more reliable and lighter than 
— used in the autopilot; and the inherent differences make them 
less liable to fail from a common environmental cause. 

Even further simplification can be achieved. The general prin- 
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Fig 9. A simplified, fail-safe pitch 
autopilot 


ciples can be understood by reference to Figs 8A and 8B which 
show how the extent of the redundancy in the comparison channel 
can be further reduced by eliminating equivalent elements which 
either have a very high degree of reliability—simple mechanical 
devices—or can be made to give an absolute indication of failure. 
For example, item Ai is of such a nature that its failure can be 
positively indicated without comparison with another element. 
Item B; is a mechanical assembly so designed that the probability 
of its failing is acceptably remote, while the failure of item C; can 
be positively detected only by comparison with a similar unit. 
Items As and Bz have thus been eliminated. Item A; indicates 
directly to the disconnect unit whether or not it is operating satis- 
factorily, while item B; feeds electrically independent outputs to 
both C; and C2, the latter being the only item remaining in the 
comparison demand system, though in a simplified form. For those 
sensers which either cannot be absolutely monitored or for which 
absolute monitoring techniques would prove uneconomical (e.g., 
an air data senser or vertical gyro) it is possible to re-arrange the 
comparison sensers so that they do not feed directly into the com- 
parison channel, but only monitor their equivalent sensers in the 
main autopilot. By this means all the autopilot sensers are directly 
checked for correct functioning and can therefore be integrated 
into the system in the same way as an absolutely monitored device 
like A; in Figs 8A and 8B. 

In this scheme, each autopilot senser has three electrically 
isolated output devices on a common mechanical output shaft: 
one output device is used in the main autopilot channel, another 
in the comparison channel and the third is fed to the disconnect 
unit where its magnitude is compared with the output of the 
corresponding comparison senser. By this means, effective signal 
tolerance errors and hence the slow-over protection is consider- 
ably improved over that of the previous system. Because the out- 
puts into the two signal channels are now identical, it remains only 
to set the error threshold for the individual sensers and this can 
be separately set independently of the remaining control system. 

The principle is illustrated in Fig 9 which represents a 
simplified autopilot pitch channel of this kind. The air data senser 
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(ADS) and vertical gyro (VG) outputs are compared with those 
from the comparison ADS and comparison VG respectively in the 
disconnect circuit. The rotor gimbal assembly of the pitch rate 
gyro is of robust mechanical construction and has a very low 
failure probability. A monitor is therefore necessary only to 
ensure that the wheel is rotating in the right direction and at the 
correct speed. Electrically isolated outputs can now also be taken, 
one to the autopilot signal chain and one to the comparison signal 
chain, which again permits a reduction of the threshold setting of 
the disconnect device. If it is considered worthwhile, even the 
integrator output can be cross-fed via an electrically isolated, 
mechanically coupled output to the monitor signal chain, because 
it is possible with a small amount of fail-safe circuitry to check 
absolutely the correctness of its operation. Such a method is useful 
in that it permits the use of washout filters of much longer time 
constant and gives a further improvement in the slow-over 
monitoring characteristics of the system. 

In this section an attempt has been made to show how a 
minimum of redundant equipment may be utilised to provide a 
fail-safe autopilot of greater reliability and lower weight. It is 
important to stress the need for complete electrical isolation 
between the autopilot and comparison channels so that the chances 
of a common failure are reduced to a minimum. Engineering 
requirements of this sort must be stringently observed in making 
use of these various techniques. Electrical isolation is interpreted 
as circuit isolation in all respects, including power supplies, elec- 
trical connecters and all cable runs. Only simple mechanical cross- 
connections between systems are permissible. 

While the basic argument has been developed in relation to an 
autopilot installation, the principles have been successfully applied 
to autothrottle, autotrim and flight director equipment; and 
detailed design investigation gives ample evidence that ground and 
airborne radio equipment are amenable to the same design 
treatment. 

A fail-safe autopilot which does not survive a single fault is 
unsuitable for automatic landing and flare-out, for reasons given 
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The Flight Control System 
for the Vickers VC10 


governed the engineering design of the VC10 flight control 

system and the purpose of this description is to show what 
services the autopilot can perform and how the specialized require- 
ments have been met in the layout of the equipment and circuitry. 
For the purposes of automatic flare-out, for which the VC10 will 
at first be equipped, the autopilot and director instruments must, 
of course, be considered as a major element in the group of 
systems on which the aircraft as a whole relies. It has already 
been pointed out that the aircraft in its turn is only one major 
element in a complete chain which includes the ground-based 
guidance equipment. 

Elliott Brothers (London) Ltd have licensing agreements with 
Bendix in the US and the VC10 autopilot system incorporates 
Bendix components and techniques associated with the PB-20 
autopilot, 100 series flight director instruments and Polar Path 
compass. But while this means that the Elliott system is to some 
extent based on well-proven Bendix components, the VC10 does 


r | ‘HE philosophy expounded in the preceding pages has 
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in the foregoing articles. An automatic landing system must cop. 
tain at least three independent sub-channels of information and a 
least two command servo systems. In the limit for unscheduled 
automatic landing this could amount to three complete syb. 
channels in each channel of control. But apart from a three-fold 
increase in system weight and failure rate, such an arrangement 
presents problems of tolerance and cross-synchronization between 
sub-channels greater than those already detailed for the fully 
duplicated fail-safe system. 

Furthermore, it is clear that, because only two channels are 
required for control, the third may be replaced by a simplified 
monitor based on the principles already described. But it has been 
found in practice that such a system requires a complex (and 
heavy) amount of cross-connecting logic equipment, and a better 
solution is to provide a monitor for each main autopilot channel 
to form what is called a “monitored-duplicate” system. Such 
an installation has been specified by BOAC for the Vickers 
Armstrongs VC10 and was postulated for the analysis carried out 
in the previous article. The major aim in the detailed design of 
this system is to reduce redundancy to the lowest possible level 
consistent with safety requirements and also to confine the neces- 
sary logical assessment of fault location to simple decisions in pairs 
of channels. 

Simultaneous compatible operation of the two channels is not 
required although, for automatic landing or flare-out, the complete 
stand-by channel including the servo is continuously monitored 
without being engaged. 

The monitoring techniques described have been applied as 
extensions to current design techniques. It is clear that the 
principles of “stripped-down redundancy” could be applied in the 
basic development of components and circuits to produce a more 
efficient and therefore more reliable equipment design. 

In the simpler cases, basic components of this kind might be 
designed to allow certain internal failures with only a small 
resultant deterioration in performance. Others, to more stringent 
requirements, might give indication of the progress of redundant 
failures so that both safety and serviceability are established on 
a firmer basis. Such techniques might be adopted in future to 
assist in the economical design and operation of advanced systems 
required for supersonic and VTOL aircraft. 


First picture of the monitored-duplicate 
autopilot for the VC10. Dividing the two 
autopilots are the control panel and 
throttle servo. Outermost ranks are the 
comparison units, vertical gyro, computer 
and air data senser. Inside, front to rear, 
and towards the centre, are the vertical 
gyro, three-axis rate unit, dynamic ver- 
tical senser; longitudinal and lateral 
computers; air data senser, flare-out 
computer and power supply 


incorporate a great number of entirely new features which have 
been designed by Elliott themselves. Amongst these are the whole 
dual autopilot concept, the engage circuitry and error disconnect 
system, automatic changeover between autopilots, the input system 
to the aircraft powered controls, the air data system, dual throttle 
system, dual auto-trim system, pilot’s control panels, equipment 
cases, junction boxes, power supplies and the method of electrical 
isolation of paired outputs. The technique of building up elec- 
tronic and electro-mechanical units in plug-in card modules, 4 
feature of the PB-20, has been retained and a large proportion 
of the original Bendix cards are used, but Elliott have also designed 
many of their own. About 25 different cards are used. Additional 
advantages of the Bendix liaison are the prospect of at least partial 
interchangeability of spares between the VC10 and the Bendix- 
equipped Boeing 707s already operated by BOAC, and the pos 
sibility of reciprocal licensing to Bendix of Elliott automatic 
landing equipment. 

The accompanying illustration shows the layout of the complete 
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complement of “black boxes” associated with the VC10 autopilot 
and the equipment by which each of two separate autopilots is 
individually monitored. The separation of the two channels is 
maintained right through to the individual inputs to the powered 
control units and there are individual circuits from the pilot’s 
control panels and individual power supplies to both main and 
comparison channels. Monitoring is applied so that each import- 
ant element throughout the chain is covered in such a way that 
disengagement will automatically follow a discrepancy between 
any significant components in the system. 

The two autopilots are normally energized as soon as the aircraft 
power supply is switched on, but only one autopilot at a time is 
used during cruising flight. Only during the automatic flare-out 
—and later during automatic landing—is the automatic change- 
over facility available. In this case monitoring is in full operation 
on both autopilots and the second autopilot is electromechanically 
slaved to the one which has control authority. Almost all of the 
mechanical actions normally required for changing from one to 
the other are already performed. Should the automatic change- 
over be required, only two mechanical actions need be performed, 
and these are automatic and mechanically simple. It should be 
noted that the monitored duplicate arrangement requires the 
automatic changeover to operate on average only for half the 
total number of faults, because half of them will occur in the 
stand-by system. 

The exact weight of the whole system has not been revealed. 
Elliott state only that the equipment weighs less than two average 
human pilots and that a comparison channel weighs only one- 
quarter as much as its related main channel. Both duplication 
and monitoring features are considered to be required for cruising 
as well as automatic flare-out and it is almost impossible to assess 
the weight penalty of the automatic flare-out facility by itself. 

It is worth pointing out at the outset that the flight director 
instruments are integrated with the automatic control loop to 






The 25 different plug-in 
cord modules used in 
the VC10 autopilot 
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only a limited extent—mainly in using the same compass and ver- 
tical gyro references and supplying pilot’s heading demand infor- 
mation to the autopilot. The remaining flight instruments are 
entirely aye They have their own dynamic and static pres- 
sure capsules and servos and their own pitot heads. To this extent, 
the failure of equipment not directly related with autopilot control 
cannot affect the automatics. 

Protection has been provided against stray mechanical faults. 
For example, guards will prevent a wiring lead which has broken 
away from its terminal from making contact with any other ter- 
minals. Where a single output drives two synchros or potentio- 
meters, electrical isolation is rigorously maintained. All circuitry 
in the interlocks is isolated and a unique supply of 115V d.c. is 
derived in each autopilot power supply and distributed to the 
isolated high-impedance engage circuits so that the possibility of 
stray pick-ups is exceedingly remote. Moreover, the monitoring 
conditions will be broken by a wrong voltage in the comparison 
selection system and all circuits are so designed that failure of 
wiring or connectors in zero signal lines is also detected. In many 
cases mechanical computation with electrical pick-offs is em- 
ployed in order to maintain component reliability as high as 
possible. 

If a fault is detected, special disconnect circuitry is activated to 
isolate part or all of the autopilot. If the error disconnection 
system fails, it means that there must have been two concurrent 
faults, an event which has never yet occurred even in the less 
sophisticated system of the Boeing 707. Micro-switches and 
torque-limiting devices at the powered control units provide addi- 
tional safeguards to cover even this eventuality. 

Both autopilots are controlled from a panel on the centre console 
between the pilots, the basic selections being either for yaw- 
damping alone or for full autopilot control. As soon as an auto- 
pilot is selected, the engage circuitry analyses the complete system 
and, if a fault is present, the engage switch will return to the “off” 
position as soon as it is released. Both yaw damper systems can- 
not normally be switched on together and a special yet simple pro- 
cedure is followed before engaging both autopilots together in 
preparation for the automatic flare-out manceuvre. Each control 
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selecter has four output devices mounted on a common shaft, but 
electrically isolated, so that each autopilot and comparison channel 
receives its individual signal. Individual cables, sockets and plugs 
are also provided to isolate the outputs. 

The rotary mode-selecter switch has a setting for “manual” 
control with which it is possible to control the aircraft by means 
of the pitch and turn wheels. The aircraft will initially hold the 
compass heading and attitude at the moment of engagement. The 
pitch control is disengaged except when the selecter is in “manual” 
and its synchros remain neutral until clutched in. The turn knob 
demands a given bank angle and its operation in a mode other 
than “manual” will cause the rotary selecter to move back auto- 
matically into the “manual” setting, by releasing electrically 
operated detents. A second mode is the “preset heading” one in 
which the aircraft will turn onto and follow the heading selected 
on the course deviation indicator of the flight system. 

The mode-selecter may be set for following VOR or ILS 
localizer in the normal way and a “glide-slope auto” setting will 
cause the aircraft to join the glide-slope beam automatically. The 
“glide-slope manual” setting may be used instead to initiate the 
entry at a moment chosen by the pilot. The “auto” selection 
initiates the push-over on to the glide-slope only when a given 
point before the beam has been reached at which rapid capture 
can be achieved without overshoot. 

When most of these operating modes are selected, one of three 
switches may be set to bring in manometric locks to hold the 
height, i.a.s. or Mach number applying at the moment of engage- 
ment. Electric interlocks make these three settings mutually 
exclusive, so that only one may be used at a time. In addition, 
there is a datum adjustment knob by which the locked values may 
be finely adjusted without disengaging the locks. Height lock 
datum may be altered by + 300ft and i.a.s. or Mach number by 
+ 10 per cent. The control-knob is turned through spring-loaded 
steps against spring tension which slowly positions a damped 
output shaft so that sudden manceuvres are not demanded. 

A Doppler switch may be selected to bring in Doppler navi- 
gator signals as an additional monitor on heading control. Selec- 
tion of Doppler automatically cancels any other mode selection 
and smoothing similar to that of the VOR coupling mode is 
applied, Doppler across-track error signals being used instead of 
VOR. 

The last position on the rotary selecter is “autoflare,” which 
arms the flare-out system. Prior to the actual manceuvre, both 
autopilots must be engaged, and azimuth control will be dis- 
engaged before the flare begins. The pilot’s procedures in arm- 
ing for an automatic flare-out allow an automatic changeover to 
be made at will at any time during the approach. 

Immediately forward of the main control panel is the automatic 
throttle panel on which servo control for each engine can be 
selected by a switch and either of the two independent systems 
chosen. The i.a.s. datum to which the throttle control is linked 
is selected on a veeder counter which is matched with the indica- 
tion of the panel instruments. Only a limited range of i.a.s. values 
covering approach and landing speeds may be demanded. The 
throttle servo is located beneath the flight engineer’s desk and 
contains two independent motors and gear trains powerful enough 
to drive all the throttle levers, control cables and irreversible links. 
Four individual electro-magnetic toothed clutches link the gears 
to the control runs; and further slip-clutches allow for jammed 
linkages or for over-riding by the pilot if small individual 
adjustments have to be made. 

There is a dual automatic elevator trimming system in which 
independent electronic units—one in each longitudinal amplifier 
and computer—sense out-of-trim from independent pick-offs on 


Shown here with top covers removed 
to expose the plug-in modules are, 
left to right, the longitudinal and 
lateral amplifiers and computers 
and the comparison monitor com- 
puter for both of them. These serve 
one of the two autopilots. The main 
units are in 1 ATR cases 
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the dual feel unit. The trim amplifiers operate directly into the 
dual hydraulic motor which positions the tailplane. Only one 
system Can operate at a time and each has overall monitor; 
which interlocks with the associated autopilot engage Circuits 
An incorrect automatic trim correction can be uniquely detected 
in an aircraft with an adjustable tailplane by a logical comparison 
with elevator movements. The interlock with autopilot engage. 
ment is necessary not only to ensure that the systems o 
together for performance reasons, but also to ensure that, in the 
event of an autopilot failure in cruising flight, automatic dis. 
engagement leaves the aircraft in trim. If the selected automatic 
trim channel is not serviceable, therefore, the associated autopilot 
cannot be engaged. 

As far as the air data and gyro references are concerned, the 
two autopilots may be separately considered, each having jts 
own main and comparison unit of each type. The main verticgj 
gyro of each autopilot is the Bendix unit employed in the PB.2 
and has pitch and roll synchro outputs to main autopilot com. 
puter, comparison computer, flight system instruments and to 
the error monitor in which its attitude signals are compared with 
those of the comparison vertical gyro. This is a stripped. 
down version of an instrument gyro of which more than 100,000 
have been produced. Its reliability is proven and it is both 
different from and simpler than the main gyro. Cost, weight and 
performance all benefit from this factor. Its mechanical indicators 
have been replaced by synchro pick-offs, but mechanical erection 
is provided. 

Each autopilot has a three-axis rate unit incorporating three 
rate gyros. Full monitoring is not provided for these units because 
it is considered that they cannot be responsible for any dangerous 
demand signals, although a hard-over gimbal fault would, in fact, 
be detected by the comparison computer. Each autopilot contains 
a single Bendix Polar Path compass system integrated with the 
director instruments. The outputs of the two compasses are 
electro-mechanically compared with each other, but independent 
monitors for each are not considered necessary for automatic 
flare-out. 

The layout of the air data sensing system for one of the auto- 
pilot and comparison channels is shown in the diagram 
opposite. Static and dynamic pressure (S and P-S) are sensed by 
capsules from which position follow-up servos drive two output 
shafts representing log S and log P-S values. These are quite 
simply mechanically subtracted to provide the third required 
value, log P-S/S. According to the manometric lock selected, 
one or other of these three shaft outputs is connected by electro- 
magnetic clutch to output gearing and the other to the conm- 
parison computer. Individual synchros in the datum adjust selec- 
ter on the pilot’s control panel are used to alter the datum of 
these synchros, as required; and the diagram shows how the 
electrical signals are isolated from each other, the only connec- 
tion being mechanical. Separate cables and connectors are used. 

While the main outputs from the air data and datum adjust- 
ment are duplicated for overall monitoring purposes, the outputs 
of the capsule servos themselves are compared through synchro 
pick-offs with identical outputs in the comparison senser derived 
from separate capsules and pitot head. Agreement between the 
two is arranged to produce a constant electrical signal so that no 
signal or a wrong signal activates the disconnect circuitry. The 
autopilot cannot initially be engaged unless the signal is correct. 
The operation of the clutches is also separately monitored. _ 

Air data is also required to adjust autopilot gains when flying 
on manometric lock settings and during coupled descent along the 
glide-slope. Pick-offs for these are all located upstream of the 
electro-magnetic clutches in the senser. Each output is dupli- 
cated by two synchros electrically isolated but mounted on a 
common shaft, the outputs going in each case to main and com- 
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parison computers. Only two of a considerable number of pick- 
offs are shown in the diagram. One pair of synchros, again 
upstream of the clutches, provides the i.a.s. signals required 
respectively for the automatic throttle controller and its com- 
parison system; and a set of pick-offs governs the steady reduction 
in autopilot sensitivity during the approach. As the ILS beams 
become narrower near the transmitters, the resultant angular 
signals become coarser in relation to lateral displacement. A 
height gain signal from the air data senser is therefore nulled at 
the beginning of the glide-path and autopilot response steadily 
reduced as height is lost and distance to touch-down decreases. 

The integrity of gear systems is adequate because all the gain- 
adjustment signals are taken upstream of the electro-magnetic 
clutches. Gearing gain values, which may be critical during auto- 
matic landing, are derived quite separately from the outputs used 
for manometric locks during en route flying. Common shaft 
drives for the pairs of synchros avoid problems of matching which 
might occur with electrical pairing of completely separate 
sensers. The clutched synchros are also always engaged in the 
zero position with resultant improvement in signal noise. It is 
still important that the pairs of pitot heads be sufficiently matched 
to prevent angle of attack, turn and gust errors from varying and 
causing unnecessary difference signals. 

The main computer of each autopilot contains all the adders 
and shapers required to produce the control demands related to 
the inputs being used. The circuitry is built up in plug-in card 
modules on the Bendix model. About 25 different electronic and 
electro-mechanical modules are involved and a special automatic 
test installation has been designed to isolate faulty cards in boxes. 
Each main computer is housed in two 1 ATR cases. The com- 
parison computers are stripped down containing only the 
minimum number of modules essential for effective monitoring 
and therefore occupy only one short ? ATR case each. 

Each main computer is divided into longitudinal and lateral 
amplifier and computer channels. All longitudinal aerodynamic 
parameters, throttle control, pitch autostabilization, height, i.a.s., 
Mach number and glide-slope functions are in the longitudinal 
channel and the lateral channel accounts for yaw damper, azimuth, 
aileron and rudder, aileron damper and the dynamic vertical senser 
functions. 

Errors revealed by differences in signals between main and 
monitor units are passed to the error disconnect system, described 
in a preceding article, which then disengages the autopilot by 
releasing a lock integrated with the powered control unit. 

From the computer, amplified commands are passed to the 
torque motor actuator mounted directly on the powered control 
unit at the appropriate control surface. The first summary of 
the automatic flare-out system of the VC10, published in Flight 
for February 19, described the mechanical control linkage and 
arrangement of split surfaces and individual actuators used in the 
VC10. In the elevator channel, the one most directly involved in 
automatic flare-out, there are four surfaces and four powered 
control units, and the output of No 1 autopilot is passed to the 
inner port unit, the output of No 2 autopilot going to the inner 
starboard unit. Mechanical interconnection ensures that auto- 
pilot demands are passed to all four surfaces from any one auto- 
pilot and spring links ensure that jamming of one unit cannot 
immobilize the remainder. Under manual control, mechanical 
feed-back positions the powered control valve in the normal way 
at the pilot’s input controls are reacted against the artificial feel 


When an autopilot is engaged, part of the powered control 
feed-back linkage is locked and autopilot fh sorater are fed 
directly into the main valve operating linkage by the torque motor 
actuator and associated servo valve. The connection is thus 
direct and the control cable and feel system loads are taken by the 
Powered control and not the autopilot actuator. Control is there- 


One main vertical gyro and its comparison gyro and a main and comparison air data sensers. Note the greatly simplified comparison units 





fore extremely close and the autopilot can position the surface to 
+0.3° with a band-width in excess of 10c/s. This offers con- 
siderable improvements over present-day stabilization systems. In 
the engaged condition, surface movement is reacted jointly against 
the feel jacks and against preloaded springs at the locking point, 
so that, if the powered control output demanded by the autopilot 
exceeds the normal feel loads, the preloaded springs yield and 
prevent any further displacement. Such a torque limiting method 
is advantageous in that it ensures that limits are not exceeded, but 


does not actually remove the control demand. The maximum 


permissible effort remains applied until autopilot demands once 
more subside. Nuisance cut-out in turbulent weather can there- 
fore be largely avoided. 

With the autopilot engaged, the normal mechanical feed-back 
of surface movement is replaced by an electrical synchro posi- 
tion feed-back directly to the autopilot servo; and the servo 


amplifiers are thus included in the autopilot powered control loop. 


Because the second autopilot is electro-mechanically slaved to the 
first during an automatic landing, only a failure in one of the 
powered control units themselves could cause one surface to move 
in opposition to the others. 

The flight director instrument system is considered as an alter- 
native to the autopilot for all modes except automatic flare-out 
and for this reason is integrated with the automatics to only a 
limited extent. It derives its attitude and compass signals res- 
pectively from the main vertical gyros and Polar Path compasses 
and takes radio information from either group of radio receivers. 
These signals are electrically separated from the autopilot as far 
as is practicable. The system is of necessity duplicated in that 
each pilot has his own course deviation indicator and horizon 
director indicator but only a single flight steering computer is 


Diagrammatic view of the pilot's datum adjuster, main 
air data senser and comparison senser for one of the 
topilot Is. The adjuster has two more synchros 
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Schematic diagram showing briefly how 
the Elliott-Bendix flight system is parti- 
ally integrated with the autopilots. The 
initials mean: HDI, horizon director in- 
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dicator; CDI, course deviation indicator; 
RMI, radio-magnetic indicator; C, electro- 
mechanical comparator 


provided. The attitude displays have independent absolute 
monitors consisting of circuits which check the verticality of the 
gyro and the continuity and operation of the transmission system 
Failure warning is by a flag in the horizon indicator. Additionally 
there are comparator units between the horizon displays and 
between the compass systems which illuminate warning lights in 
the event of a difference between the two sides. Comparison is 
effected mechanically through torque synchros so that electrical 
isolation between the systems is maintained. 


A single flight steering computer, instead of duplicated units, 
has been specified because it is not in the critical automatic control 
area and duplication would raise switching problems which might 
confuse rather than assist the pilot in case of a failure. The 
accompanying diagram indicates how far the flight system is 
involved in the autopilot circuitry and how the main information 
sources are distributed. 


Of the two instruments, the horizon is of the director type in 
which commands are presented by two small “tip-tanks” moving 
in relation to a normal attitude presentation. The datum of the 
horizon bar may be manually adjusted to allow for sustained nose- 
up or nose-down attitudes. The datum of the “tip-tanks” may also 
be adjusted except in the glide-slope mode. 


The course deviation indicator has a rotating compass card 


MARCONI RADIO FOR THE VC10 


BECAUSE the VC10 radio equipment is intimately associated 
with the aircraft flight system and autopilot, its reliability must 
be of the same order as that of the other systems. Furthermore, 
the radio elements used in automatic flare-out and landing 
systems have to follow the same principles of redundancy and 
monitored duplication as are used in the control system into 
which they operate. For this reason a completely new series of 
airborne radio equipment, the Sixty Series, has been designed by 
Marconi’s Wireless Telegraph Co Ltd to meet the needs of the 
VC10 and other aircraft which incorporate sophisticated automatic 
controls. The range includes the AD.160 VHF communication 
system, the AD260 VHF navigation system and the AD.360 ADF; 
duplicate installations of all of these will be used in the VC10. 
The Sixty Series was briefly described in Flight for August 19. 

Even when monitored duplication is employed, it is essential 
that the reliability of the basic units should be as high as possible, 
and this has been the principal design aim in the Sixty Series. The 
use of transistors—all the units concerned with navigation and 
aircraft control are completely transistorized—has been a major 
factor. Not only are transistors themselves inherently reliable, 
but their use virtually eliminates the internal heat problems which 
are a major cause of failure; and the low operating voltages auto- 
matically derate all the components in the equipment, reducing 
their failure rate many times. The use of transistors also allows 
new construction techniques to be employed and in the Sixty 
Series the VHF navigation unit, glide-slope and marker receivers 
incorporate nitrogen-filled, sealed modules, eliminating all failures 
due to pressure, humidity and contamination. These modules, 
which can be easily unsealed for the replacement of components 
and can be completely tested without unsealing, avoid the possi- 
bility of accidental damage during maintenance. 

The glide-slope receiver is an integral part of the automatic 
flare-out system and the overall principles of monitored duplica- 
tion need to be applied. Two receivers are used on the aircraft, 
each being part de separate, monitored system. It was not con- 
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behind a fixed aircraft silhouette and lubber line. A marker and 
digital counter may be used to set desired course against the com- 
pass card and a heading marker is provided. Linked with the 
course marker and occupying the centre of the dial is a left/right 
needle which provides simple VOR/ILS deviation information 
It rotates with the course marker to give a semi-pictorial indication 
of the relationship of the aircraft to a VOR or ILS beam. A norm 
glide-slope deviation needle remains horizontally aligned. The 
pilot thus has a “straight” plan-position indicator and a computing 
director instrument. 

The special provisions made to extend the duplication with 
individual monitoring techniques to the radio equipment ar 
described below in contributions from Marconi and Standard 
Telephones and Cables who respectively supply the VHF radio 
and radio altimeters. The extent to which the ARB safety 
requirements have influenced the design of all the equipment con- 
nected with automatic flare-out and landing can be seen, but it has 
been impossible, partly because some aspects are still subject to 
commercial security, to describe every single feature of this 
complex system. But even this description indicates the radical 
changes in design which will inevitably become a feature of air- 
liner autopilots in future; and the techniques may well be applied 
to other processes where the results of crippling failure can be as 
costly and important. 


sidered necessary to duplicate the aerial and aerial feeder to each 
receiver, as these are of a very high order of reliability and are 
fail-safe in that a fault will automatically disconnect the control 
system. This is also true of the “receiver” circuits of the glide- 
slope receiver, but the filter module, which provides the glide- 
slope deviation signal, is duplicated in the receiver. The output 
from one filter feeds the autopilot system while the other feeds the 
comparison monitor system. Thus, only that part of the system 
which could produce an undetected error is duplicated. In this 
way a high degree of fail-safe protection is achieved, together 
with reliability. 


Communications, VOR/ILS, glide-slope and marker receivers of the 
Marconi 60 Series. Two of these groups will be in each VC10 
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s.T.c. RADIO ALTIMETER FOR THE VC10 


SPECIAL radio altimeters are required for automatic flare-out 
and landing, and Standard Telephones and Cables Ltd were 
responsible for the development, in conjunction with the Blind 
Landing Experimental Unit, of _the first altimeter specifically 
designed for use in automatic landing. The first of these units was 
the STR.30 and its derivatives which employed a pair of horn 
aerials whose apertures were flush with the aircraft skin and 
covered by plastic plates. Subsequently S.T.C. have produced 
a new range of radio altimeters, the STR.41 and STR.40, the 
latter being designed to indicate only between 0 and 500ft and 
intended specifically for automatic landing. 

An STR.40 weighs 20lb and includes a pressurized container 
for transmitter/receiver, amplifier and counter, two horn aerials 
with aerial matching units attached and a delay line unit providing 
a predetermined height signal for functional checking. A control 
unit and indicator are available, but need not be used if the 
altimeter is integrated with the automatic controls. Transmitter 
and modulation frequencies are respectively 4,200 to 4,400Mc/s 
and 300c/s. Minimum height reading is 2ft above the runway and 
zero error not greater than lft at touchdown. A functional check 
with the delay line can be carried out at any height and provides 
immediate overall calibration. The STR.40 is transistorized 
except for the transmitter stage. The aerials are of robust con- 
struction and, S.T.C. say, do not require periodic servicing. 

Clearly, the altimeter must be integrated with the autopilot and 
provided with the same degree of redundancy as the other elements 
in the overall system. For the VC10, Elliott Brothers (London) 
Ltd have specified that each radio altimeter should incorporate an 
additional sub-receiver element, in parallel with the main receiver, 
the sub-receiver being coupled to the common receiver aerial by 
means of a measured length of coaxial cable. This effectively 
increases the height measured through the sub-receiver; and a 
continuous logical comparison assessment can then be made 
between the main receiver and sub-receiver outputs, the difference 
between which should always be equal to the constant height 
equivalent of the coaxial cable. 

Failure of either receiver element results in a change in the 
difference signal, while failure of the transmitter or aerials or any 
common element will result in the output signals of the two 
receivers either going to zero or becoming incoherent. In each 
case, the change in the difference signal is used to indicate the 
failure and disconnect the autopilot. A pair of isolated signal 



























The S.T.C. STR.40 radio altimeter on which the VC1O installation 

will be based. Two altimeter systems will be carried in each VC1O, 

each being monitored in the way described here, and each passing 
height signals to one of the autopilots 


outputs from the main receiver and a disconnect line are required 
to match the unit to the VC10 system philosophy. The VC10 will, 
of course, be equipped with two radio altimeter systems of this 
kind, one serving each of the two autopilots. The technique 
described eliminates the need for a third altimeter with its 
associated aerials. A number of detailed designs, based on the 
STR.40, are now under investigation. 

The illustration above shows the basic STR.40. In the version 
applied to the VC10, a matching unit is needed only on the 
receiver aerial and the output from the delay line feeds straight 
into the monitor sub-receiver. 


Thoughts on Scheduled ° 
Automatic Landing 


by G. S. Bishop* 


OR unscheduled automatic landing, it has already been shown 

that there is a basic requirement for two complete autopilot 

channels to permit continued operation in the event of any 
single fault. Additionally, either a third channel or monitoring 
equipment is needed to enable faulty equipment to be 
unambiguously located and disconnected. Automatic landing 
equipment will therefore be between two and three times as 
complex as a simple unmonitored autopilot, and might be expected 
to have an overall MTBF of at most 500hr. To meet the required 
standard of safety, the whole equipment must be functioning at 
the 200ft break-off height before the pilot can select an automatic 
flare-out or landing; otherwise he must make a manual landing. 
Over a five-hour flight, there is therefore a one per cent probability 
that a conventional landing will be necessary, and the implication 
is that this is possible, i.e. either that the visibility at some airfield 
within range is sufficient for a manual landing or that other aids, 
such as GCA, are available and adequate. 

Scheduled automatic landing implies that no such stand-by is 
available, so that the decision to perform an automatic landing is 
made not at the break-off height, but at take-off. The critical time 
is thus not 30sec, but the whole flight time and, because the 
Probability of a single fault during flight is one per cent, the 
Probability of a double fault is $ X 10~*. Although only a proportion 
of such double faults will put the system out of action, it is clear 
that, in order to meet the ARB proposed requirement, scheduled 
automatic landing equipment will require sufficient redundancy 
to survive at least any two faults, and possibly more. 








* Transport Aircraft Controls Division, Elliott Brothers (London) Ltd. 





There is, however, an intermediate stage between unscheduled 
and scheduled automatic landing which might be called “part- 
scheduled” automatic landing. Although the system proposed for 
unscheduled automatic landing is sufficiently safe for blind land- 
ing provided that it is fully serviceable at the break-off height, a 
heavy jet transport may at this point have insufficient fuel reserves 
to climb out and divert to a clear airfield. The committal point for 
such an aircraft is at about 15,000ft, so that the critical time is 
about half an hour. 

Assuming an autopilot MTBF of 500hr, the probability of a 
single fault during this time is 10~* so that the possibility of using 
unscheduled automatic landing equipment for part-scheduled 
automatic landing requires further investigation. The committal 
point is the point beyond which the pilot no longer has the option 
of landing manually, which means that he must divert to a clear 
airfield if the weather at the destination is below minima. 

To summarize the three cases discussed, the various cases are 
set out in the table: — 














Type of automatic Airfield conditions Committal Critical 
landing Destination | Alternate Point Time 
Unscheduled _ Clear Break-off 30sec 
height 
Part-scheduled _ Bad Clear Diversion 30min 
height 
Scheduled ... “on Bad Bad Take-off Shr 














The degree of redundancy required of an autopilot system for 
each application can be expressed by means of a redundancy 
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factor r, defined as the minimum number of independent faults 
required to put it out of action. If the probability of a single fault 
in the critical time is p, then the probability of r faults is p™ L” 
i.e., the (r+1)th term of a Po.sson distribution of which p is the 
second term) so that the probability of failure is kp" |", where 
k(<1) is a factor introduced to allow for the fact that not all com- 
binations of r faults will in fact cause failure. Assuming initially 
that k=1, it is now possible in each case to calculate a system 
MTBF which will guarantee meeting the ARB proposed require- 
ment of 10°’. 





Redundancy 
factor r 


System MTBF (hr) to guarantee safety in 
automatic landing 





Part scheduled Scheduled 
50,000,000 


11,000 


Unscheduled 
83,000 5,000,000 
19 1,100 











0.99 59 590 
0.21 12 120 














The figures below the stepped line are clearly achievable, so that 
redundancy factors of 2, 3 and 4 are certainly sufficient to meet 
the safety requirements respectively for unscheduled, part- 
scheduled and scheduled automatic landing. The figures of 
1,100hr and 590hr warrant closer investigation because they offer 
the possibility of meeting the requirements with less redundancy. 
Assessment of a realistic k factor is required in each case. 

For an installation comprising two complete independent auto- 
pilots, either of which is rejected in its entirety in the event of a 


Fig 1. Experimental evaporated micro-circuit with microminiature 
transistors Crown copyright 


ORK on microminiaturizazion has now been under way 

for several years and some of the systems which are 

being developed show promise of achieving very high 
weight to volume gains for airborne equipment. In addition, the 
possibility of increased reliability is inherent, although it must 
be pointed out that no detailed evidence is yet available. Time 
and experience are necessary to prove this possibility. 

Microminiaturization of electronic equipment has been made 
possible by the changeover from valves to transistors and, 
although transistorization has greatly reduced the weight and 
size of earlier airborne equipment using valves, microminia- 
turization techniques offer at least a ten to one gain over the best 
possible miniaturization using conventional transistors and sub- 
miniature components. The best packing density of sub- 
miniature components and standard transistors is estimated to 
be not more than 50,000 per cu ft, or 30 components per cu in. 
At this stage it becomes impossible to remove components for 
servicing. 

While various packing densities have been estimated for micro- 
miniaturization ranging from 600,000 per cu ft to 30,000,000 per 
cu ft (300-20,000 per cu in), these are not realistic estimates 
because units have to be connected together and space must be 
left for this. Considerable cooling problems also arise with such 
very intense packing. 

The first logical step in microminiaturizing components is to 
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single fault, the second fault has an even chance of occurring jp 
the already failed autopilot, so that k=4 and the required M 

for the whole installation for part-scheduled auto-landing is 800b 
But the k-factor can be reduced by rejecting only that part of the 
equipment in which a fault occurs. The system could be split ng 
into two independent autopilots, but into longitudinal and laterg 
channels (channel isolation) and each channel further split info 
sensors, computer and actuator. Each of the resulting six blocks 
could be provided with its own fault-detecting and isolating equip. 
ment so that its surviving signals could feed any equipment down. 
stream. A complete block would then have to fail in order to py 
the system out of operation. Assuming that all blocks have ay 
equal probability of failure, the second fault has a probability of 
only +‘; of occurring in the other half of a half-failed block, so that 
k=y7s and the required MTBF is reduced to 320hr. 

In general, for a six-block monitored system with redund, 
factor r, k= |_"/6"-'r" so that for r=3 (a monitored triplicate sys. 
tem) scheduled automatic landing requires a system MTBF of 
190hr, against the original estimate of 590hr. Both these figures 
appear to be attainable. It should be pointed out that in order 
meet the target of 10-* the figures should be multiplied by V/j, 
roughly 3 and 2 respectively and, conversely, a failure to meer 
these minimum figures by even a small factor would result ing 
drastic reduction in safety. 

This is a most important point and its consequence should be 
stressed. If a high redundancy factor is chosen because the sub. 
channel MTBF is low, then small changes in MTBF—which 
can hardly be avoided if the design is marginal—may seriously 
jeopardize the safety level achieved. 

A high degree of redundancy also seriously increases the possi- 
bility of common faults and should be avoided as much as possible, 
This may be effected by improvements in basic component reli- 
ability and by employing minimum redundancy techniques s 
that the maximum possible channel MTBF is obtained. 


Microminiaturization 
of Airborne 
Electronic Equipment 


By G. W. A. Dummer, MBE, MIEE, Sen Mem IRE* 


use only the active elements, dispensing with end caps, leads and 
covers. Protection against climatic effects must then be obtained 
by sealing complete sub-units. Use of active elements only 
suggests the use of film components, and considerable work has 
now been done in the production of resistive, dielectric, magnetic 
and conductive films. Resistive films cam be made from noble 
metals fired on to thin inorganic plates, from tin-antimony oxide 
films sprayed on to inorganic plates at high temperatures, or from 
evaporated resistance metals. 

Higher resistivity is obtained from films of nickel/chromium 
and allied alloys, and recent advances in the evaporation of 
nickel/chromium alloy make this an attractive proposition. It 
general, the higher the temperature of the evaporating source, 
the higher the percentage of nickel in the alloy. A temperature 
of 1,600°C results in an alloy of 80 per cent nickel and 20 per cent 
chromium which is close to that of the original. 

It is essential to heat the substrate before evaporation, as failure 
to do so results in unstable films. A temperature coefficient 
+ 50 p.p.m./°C can be obtained and is very satisfactory. A value 
of 300 ohms/square has also been obtained which allows 4 
50,000 ohms resistor to be made from a 1.0in length of 0.010a 
wide line—as would result from photo-etching a deposited film 
into thin strips. 


*Superintendent of Technical Services, Royal Radar Establishment. 
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Various methods of controlling the thickness of deposit have 
been tried; and the most satisfactory has been that of the moni- 
tored square. A glass slide has silver electrodes between which 
the alloy is deposited at the same time as the work. Continuous 
monitoring by a bridge allows evaporation to be stopped by 
shuttering when the required value is reached, although some 
allowance is essential to take up differences during the final 
baking process. 

Because of its excellent temperature/resistance properties, this 
alloy is being carefully studied, as it is apparent that a high order 
of stability will be required. Practical resistors have been made 
in the way described and high values have been obtained by 
photo-mechanical processing. Resistors up to } Megohm in value 
have been made within an area of less than 1 sq cm, and their 
properties are being closely investigated. For example, the 
binding energies between films and substrates are being studied. 

Capacitors are much more difficult to evaporate in film form, 
because all film dielectrics are susceptible to moisture and great 
precautions have to be taken to ensure that moisture does not 
attack these thin films. Silicon monoxide is commonly used and 
evaporation of this substance has been practised for some years, 
but problems still remain in the production of a practical capaci- 
tor, and an intensive study is being carried out in order to under- 
stand the problems involved. \ 

Initial experiments to delineate the problem have involved a 

study of lens blooming materials such as silicon monoxide, zinc 
sulphide and magnesium fluoride in the following stages: (1) 
Mechanical breakdown due to stress in films. Instrumentation 
for stress measurement, evaporation rate and electrical properties. 
Measurement of single and mixed films. Measurement of effects 
of moisture on leakage and breakdown. Observation by electron 
microscopy. (2) Improvement of permittivity. Study of glasses 
B,O;+ SiO). Evaporation of magnesium titanate. Future study 
of other titanates. (3) Adhesion of films and electrodes to sub- 
strates. Study of adhesion of metals and dielectrics to various 
substrates and of their electrical properties. (4) Nucleation pro- 
cesses (initial growth of films). Study of methods of cleaning 
substrates. Study of metal growth of gold films by radioactive 
techniques and electron microscopy. 
_ Dielectrics for capacitors can be made in the form of plates or 
films as thin as 0.0002Sin in glass or 0.00lin to 0.010in in 
ceramics. Single-thickness plates of high permittivity are attrac- 
uve and if, by rolling techniques or possible evaporation tech- 
hiques, much thinner plates could be obtained, then very high 
value capacitors could be realized. 

If a high-permittivity material such as barium titanate is used, 
a permittivity of 1,000 can be expected; and with a 0.00lin plate 
it would be possible to make a capacitor of 0.04 »F in approxi- 
mately 1 cm square. Care would be necessary to ensure that its 
well-known ferroelectric properties and its low Curie point do 
hot interfere with its operation as a capacitor, but for use with 
—— with their inherent low operating temperature, this is 

sible. 

Although inorganic materials can be evaporated more readily, 
Plastics have already been made in very thin films for use in 
transistor circuits. Following the work by the Bell Telephone 
Laboratories on cellulose/acetate/butyrate, thin films have been 

in the United Kingdom from high-molecular-weight poly- 
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Fig 3. Experi- 
mental 
component 
assembly for 
use with sub- 
miniature 
valve 
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Fig 2. Left, stack of microminiature component wafers. 
Top left, from the top, left to right, wafers are:— 
metal oxide film-type resistors up to 18,000 ohms; multi-layer thin 
film precision capacitors up to 1,350 micro-micro F; temperature- 
stabilized ferrite core inductor up to 1.5 millihenries; silicon diode, 
type 1N277; prototype transistor type 2N404; quartz crystal for opera- 
tion at 45.1Mc/s; four thin metallic film-type resistors, r 
resistor; multi-layer ceramic capacitor with deposited thin metallic 
film resistor; ferrite core inductor mounted on a ceramic capacitor 


styrene and with copolymers of this with polymethylstyrene. 
These films are cast on to a carrier of polyethylene terephthalate 
(Mylar or Melinex) from a solvent solution, the carrier being 
subsequently stripped after the film has been metallized, de- 
metallized and slit for the making of metallized capacitors. 

So far very thin films have not been made—about 0.000Sin or 
12.5 microns has been used to gain experience—as a good deal 
of “know how” is necessary for these processes. It is the necessity 
of handling on a substrate that makes it essential to use cast films; 
extruded films of this thickness would be far too thin and fragile 
to handle. A cast film limits the material to one which can be dis- 
solved fairly readily and this is the reason that an otherwise ideal 
material—polyethylene-terephtha!ate—is unsuitable and polysty- 
rene is preferred. 

These film components can be used either separately or evapor- 
ated together on one substrate. In the USA a large programme 
was initiated some two years ago by the Army Signa! Corps, with 
R.C.A. as the main contractor. These film components are used 
as micro-elements and assembled in modules termed “micro- 
modules.” Interconnections between the micro-elements are made 
by riser wires connected to the individual components plates, as 
shown in Fig 2. 

Film components evaporated on to plates to form complete 
circuits are being made experimentally in the USA and in this 
country, and Fig 1 shows a typical example of such cons:ruction, 
made at RRE. The advantage of this system is that there are 
fewer interconnections between component elements, but in 
order to make the system economic the reject rate must be 
extremely low. For both these systems, development of a suit- 
ably protected, flat-shaped transis‘or is essential. Many attempts 
have been made to protect the surface of bo:-h germanium and sili- 
con active elements; and although some photo-resists and silane 
treatment can be used, the long-term effects have not yet been fully 
evaluated. Transistors of the Mullard OC45 type are being 
developed in sealed containers 0.12S5in dia X 0.04in thick. A 
range of diodes is also being similarly developed. Flat-type con- 
tacts are brought out, suitable for connection to the substrate 
wiring. 

A further system is to place these small plates inside a sub- 
miniature valve envelope using known sealing techniques and 
with lead-out wires to carry the component input and output 
leads. This is being done in an attempt to provide hermetic 
sealing for the complete micro-circuit. An example of such 
construction is shown in Fig 3. 

Methods of connecting these small plates are being investigated, 
and the use of a miniature wrapped joint, similar to that intro- 
duced by Bell Laboratories some years ago, is being investigated. 
It is possible to wind very-small-diameter wires around rectangular 
hard metal posts using a special tool. Joints so made have resisted 
long periods of exposure to humidity, salt spray, vibration, tem- 
perature extremes, etc. A possible method of using this system 
with separate circuit plates is shown in Fig 4 (overlea‘). 

A system wh'ch holds out more promise in ultimate reliability 
is that of fabricating a single crystal of germanium or silicon to 
provide not only the transistors but also the associated resistors 
and capacitors. To form a resistor in situ, the bulk material can 
be slotted to isolate the resistor; and, by controlling the resistivity, 
the resistance value can be adjusted to that required. These 
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resistors, unfortunately, have a rather high positive temperature 
coefficient; other forms of resistors, produced from diffused layers, 
have a lower temperature coefficient. 

A capacitor can be formed from a back-biased diode often used 
in variable capacitor tuning devices, whilst R-C distributive net- 
works can be formed by placing resistive silicon oxide over the 
fixed capacitor elements. Some of these possible components are 
shown in Fig 5, but a great deal of work remains to be done yet 
in evaluating the ultimate possibilities of these devices. It is 
interesting that in the main they follow the normal transistor 
processing techniques (i.¢., selective etching, diffusion of 
impurities, thermo-compression bonding, etc.)common in the tran- 
sistor factory. One of the most useful illustrations of this type of 
construction was shown by Texas Instruments some time ago and 
is reproduced in Fig 6, in which the various components have 
been marked. 

It is obvious that these techniques will affect airborne equip- 
ment in due course, and the experimental work which is being 
done at the present time will undoubtedly lead to microminiature 
assemblies capable of being used in aircraft communications and, 
to a certain extent, radar systems. It must be borne in mind, 
however, that these techniques are at the moment applicable only 
to transistorized electronic equipment and that magnetrons, modu- 
lators, aerials and heavy power supplies cannot be dealt with by 
these systems. Even then the volume of airborne transistorized 
computer and communications equipment which lends itself to 
these techniques is increasing and within a few years some micro- 
miniaturized units should appear in aircraft. It will be interesting 
to see whether the predicted increase in reliability will be borne 
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out in practice. From a theoretical point of view there is every 
reason to hope for a gain in reliability of the order of at least ten 
to one, but a great deal of development is necessary before such 
a prediction can be fulfilled. 

Communications receivers have now been built on the micro- 
module system in the USA, and the AN/PRC/36 receiver con- 
tains some ten modules of the size shown in Fig 2, resulting in a 
packing density of approximately a quarter of a million parts per 
cubic foot (approx 140/cu in). 

Circuits fabricated from single crystal germanium or silicon 
have now been developed in the USA for most of the normal 
receiver functions, but have not yet been shown as complete 
receivers. The size, however, may be as small as 1 or 2 cu in, and 
the weight infinitesimal compared with normal receivers. Micro- 
miniaturization techniques lend themselves to digital computers, 
and this will open up a field in airborne communications which in 
a few years’ time will enable multi-channel receivers, navigating 
devices and all kinds of new applications to be developed. 

The possibilities in the solid-state microminiature devices are 
enormous, and in the next few years one may expect to see con- 
siderable size and weight reductions being introduced into airborne 
equipment, although it will be many years before large-scale 
introduction of these devices takes place. 
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In the photographs herewith are seen some 
distinguished visitors to Westland’s Yeovil 
works during recent weeks. Among them 
was Mr George Ward, Secretary of State for 
Air, who on September 23 flew in the Bel- 
vedere (two Napier Gazelle), above. On the 
left, pictured on the same occasion are, 
|. to r., D. L. Hollis-Williams, assistant man- 
aging director; Roy Bradley, test pilot; D. C. 
Humphries, private secretary to the Minister; 
C. T. Hosegood, chief test pilot, Bristol Divi- 
sion; E. C. Wheeldon, joint deputy chairman 
and managing director; the Minister; Eric 
Mensforth, chairman; Sqn Ldr P. H. L. Scott, 
personal air secretary to the Minister; and 
D. C. Collins, deputy managing director 


Below, left, is a group of senior Brazilian Air Force officers, who flew by Widgeon from Battersea heliport to White Waltham and thence to 

Yeovil by Dove. Heading the party was Brig Araripe Macedo (second from left). Below, right, are senior police officials from Libya; here 

to study British police methods, they came to Yeovil with Supt L. Long of Somerset Constabulary (second from left). Third from left is Maj Tomi, 
senior Libyan visitor, fourth from left is S/L Kearns of Westland, and in the Widgeon is test pilot D. A. S. Colvin 
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week—Ed.] took place just outside the main entrance to 

the civic auditorium, where the convention was being held. 
A band played, the patient crowd of onlookers complied with the 
master of ceremonies’ request to “Please hold your applause till 
all 17 of our honoured guests have been introduced,” and the 
police reinforcements waited in vain for the nuclear disarma- 
ment demonstrators who were expected but who boycotted the 
proceedings. 

Finally, Gen Thomas D. White, USAF Chief of Staff, declared 
the missile well and truly unveiled, the protective wrapping 
fluttered to the ground, and there was Minuteman—or reason- 
able facsimile thereof-—pointing up at about 45° with a red 
navigation light affixed to its nosecone. The band broke in with 
an appropriate piece of conquer.ng-hero-type music, the missile 
began to raise itself agonizingly slowly to its proper vertical 
position, and we all disappeared indoors to sample the champagne 
(courtesy Western Airlines) at the Aerospace Panorama Preview 
Reception. 

To one raised on the sober exhibits of the SBAC show at 
Farnborough this was highly educational. One might have 
expected the high standard of exuberant display architecture and 
the skilled and glossy publicity routines, but not the Moon Girl 
in silver tights who was charmingly dispensing pieces of green 
cheese on the Honeywell stand. She was Jean Elverum, Miss 
Minnesota 1960, and the delectable cheese came from a 500Ib 
Cheddar specially prepared by Bongards Creamery, Bongards, 
Minnesota. 

On behalf of the Caterpillar Tractor Co, a blonde in red and 
a brunette in black were offering yellow flowers for the button- 
holes of all who passed by. The Great Ideas Program of the 
University of Chicago was presenting Great‘Books of the Western 
World, Featuring The Syntopicon—at $750 the set. On the Great 
Ideas bookshelves was Shakespeare I and Shakespeare II. Lear 
attracted attention with what might have been titled The Unknown 
Political Missile, a welded framework which certainly wouldn’t 
get off the launch pad but which had a message for those who 
sought one. 

Seeking messages was difficult in some cases because of the 
language problem. Ramo Wooldridge obliged with an explanation 
of their Intellectronics Micromanifesto, but one still had to cope 
with a three-dimensional Iconorama (Ling-Temco), Imaginuity 
(Beech), and an oxyhemograph (General Motors), not to mention 
the Syntopican. BE SOCIABLE, a sign demanded, HAVE A PEPSI. 


r / ‘HE Minuteman unveiling ceremony [briefly reported last 
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UNVEILING MINUTEMAN: TOP-RANK BRIEFINGS 


Sociability was seen to be in even greater demand later on, when 
the champagne ran out. I declined to purchase the Encyclopadi; 
Britannica, and watched instead a slapstick comedy film shown by 
North American concerning the epic adventures (“Their hears 
sing with the joy known only to those who fly”) of the Geige 
Tigers, a hypothetical F-86D squadron. 

The Panorama also included a number of exhibits depicting 
aircraft, engines and missiles. 

The outdoor section, of which the Minuteman now formed ; 
part, contained a Hound Dog, Thor-Able (“Bring the kids and 
walk right through,” invited the USAF sergeant acting as barker 
at the foot of the steps); a Titan, a Titan liquid-oxygen tank (you 
could walk right through this with the kids, too); the Bell X-jp 
research aircraft; the familiar wooden mock-up of an X-15; ; 
scale model of a “proposed space missile satellite” by Raytheon; 
and engines including the first-stage Titan XLR87-AJ-1 by Aero. 
jet-General. On the next day, the Minuteman was joined by, 
second Minuteman—or reasonable facsimile thereof—in a cutaway 
transporter /erector. 

But back to the convention. 

Brig-Gen Richard D. Curtin, Director of the Office of Missile 
and Satellite Systems, spoke on military space aspects, and in 
particular of the Midas early-warning satellite, Samos surveillance 
satellite, Transit navigation satellite and Advent communication 
satellite:— 

“The Midas, already in flight status, will increase our national aler 
status by extending our BMEWS (Ballistic Missile Early Warnig 
System) 15 minutes’ warning time to about 25 to 30 min, since th 
Midas will detect the exhaust of missile engines immediately after 
launch and flash instantaneous warning to our control centers in th 
United States. 

“The Samos will provide us with world-wide surveillance and m 
ability to know more about the happenings of the world and the peopk 
in it. It will provide a tremendous boost to our deterrent posture. 

“The Transit program will provide our ships and aircraft a mucd 
improved navigational accuracy—and in the Advent program we shal 
obtain great advances in communications, the heart and great need of 
military and civilian operations alike. . . . 

“We have already learned much about space as we have worked with 
NASA on their programs, as well as our own Discoverer and Mi 
programs. Perhaps not the least of what we have learned is that as tim 
goes on, the necessary differences in method between the civilian 
scientific approach and the military approach are becoming mor 
apparent. 

“For instance, in the Midas early-warning system, the military wil 
need a number of satellites in orbit constantly and properly spaced t 
cover the globe. The need to replace an inoperative satellite with 
active one will call for spit-second timing in launch and control tech- 
niques, as opposed to the more leisurely launch requirements of th 
space exploration program. 

“Another difference will be found in the military need for large 
numbers of boosters and stages (as in the Midas system). The mam- 
tenance of constant surveillance and warning will require many satellite 
in orbit. This, if space operations are to be economically feasible, the 
military must develop booster recovery techniques for repeat use o 
boosters and it must develop simpler and cheaper boosters. 

“Still another great need for military systems is that of extrem: 
reliability and long operation of its payloads. We are shooting for 
on-orbit lifetimes of a year for some of our systems. a 

“Then, too, our military space systems will be operated by militar 
officers and men on station 24 hours a day, and the need to train an 
re-train large numbers of personnel is a problem that the scientific 
‘single shot’ experimenters need not face.” 

Deputizing for Gen Thomas S. Power, Maj-Gen David Wade 
reported for Strategic Air Command on “the broadening spectrum 
of aerospace weapons in the Command’s deterrent counter-force 
In the course of his speech he said:— 

“The dominant tool in our arsenal today is the B-52 with a paylos 
yield exceeding that of all World War II bombers and a i 
accuracy measured in feet. Increased penetrating ability for the BS 
is being supplied by multiple installations of the Hound Dog & 
launched missile. This nuclear delivery system can be used to dest 
strategic targets or to degrade ground-based defense systems. } 

“In the coming years the G and H models of this plane will acquire® 
even stronger punch with the installation of the Skybolt air-la 
ballistic missile. Skybolt’s ability to lash out at targets more than ! 
thousand miles away at speeds up to 5,000 m.p.h. will reinforce st 
further our confidence in the B-52’s penetrating ability. ; 

“Our first supersonic bomber, the B-58, has won its spurs in ths 
year’s bombing competition as a replacement for part of the B-47 fore 
Looking beyond the B-58, we are pressing the development of 


The outdoor section, with Thor-Able (“bring the kids and walk righ 
through”), Minuteman and Titan 
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No caption called for here, except perhaps to point out the model 
of the B-70 at top centre 


Mach-3 B-70. This plane will live in the much tougher environment of 
the mid-sixties and deliver high-yield nuclear payloads against hardened 
and high-priority targets. a 

“We also have in development now the boost glide Dyna-Soar that 
could very well be the basis for the first manned vehicle ever to perform 
an operational task in space. 

“It is important for us to recognize that the predominant share of our 
nation’s striking power will reside in our manned bomber force for some 
years to come. In performing tasks that demand the flexibility supplied 
by human judgment, manned vehicles will always be essential. The 
survivability of our manned bomber force is being achieved through 
a combination of dispersal and increased alert status. The problem of 
how to configure the bomber force properly over the period in which we 
have no reliable warning of a Soviet missile strike is a subject of grave 
concern. 

“Ar this time the 15-minute ground alert that has been achieved by 
one-third of our bomber force is adequate beyond question to cope with 
the prospect of attack by Soviet manned bombers. Measured against the 
no-warning conditions that would apply in the event of attack by ballistic 
missiles, however, the ground alert does not guarantee the survival of 
a decisive segment of our bomber force. | 

“To meet this situation over the period required to bring our ballistic 
missile warning systems into operation, we have proved out the feasibility 
of an airborne alert. The concept has been approved at the highest level 
and is ready to be implemented. Ina related move, we have also 
equipped a number of our KC-135s to function as an airborne command 
post. Putting these plans into effect could very well spell the difference 
between survival and defeat in the critical period just ahead .. .” 


Mr and Mrs America and Lockheed’s Agena vehicle 


In the question period following his speech, Gen Wade made 
the curious statement that he knew of no targeting agreements 
that had been worked out between SAC and the RAF. He said also 
that the early operational Atlas bases would be about six months 
behind schedule, following delays in the construction of the sites. 

The next command briefing was by Lt-Gen Joe W. Kelly, com- 


mander of Military Air Transport Service, who pointed out that 
Congress had made available $50m for “development of an effi- 
cient and economical air cargo carrier,” and $200m for “a start on 
interim modernization with presently available jet and turboprop 
aircraft.” This was a good beginning, he said, but, for the MATS 
airlift force to be compatible with the strike forces which depend 
upon it for combat airlift, they must have three types of aircraft : — 

“First, a superfreighter to carry outsize cargoes over long distances. 
The Douglas C-133 Cargomaster, the latest model of which can carry all 
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US missiles including the Atlas, fills this requirement. We have 35 on 
hand, 14 more on order. 

“Second, a larger and faster workhorse aircraft, to replace our aging 
C-124s. This aircraft must have a low operating cost and the range to 
carry large loads non-stop across the oceans. This is the ‘Special 
Operational Requirement’ or SOR aircraft, for which $50m has been 
allocated for development. That money will not buy any airplanes, 
however, and we will require almost 200 of this SOR type for a 
balanced airlift force. 

“Finally, a high-speed turbine-driven aircraft we can put on alert 
status to fly emergency support for the Strategic and Tactical Air Com- 
mand. The $200m will satisfy a part of this requirement, with 
some modifications of presently available aircraft.” 

For the distant future, Gen Kelly looked towards developments 
in low-drag boundary-layer control “teamed with advanced pro- 
pulsion to give us big transport aircraft of phenomenal endurance.” 

A masterly review of the joint US/Canadian North American 
Air Defense Command was given by its commander, Gen 
Laurence S. Kuter, who concluded his presentation with a hot- 
line telephone call to his headquarters at Colorado Springs. This 
was relayed over the meeting’s public-address system and gave 
the reassuring information that the air-defence situation during the 
past 24 hours had been relatively quiet. 

“Relatively quiet” meant that 20 initially unidentified aircraft 
had entered the North American area during that period. Four 
of these were detections on the long-range radar warning line, 
two on the DEWline, one on the Mid-Canada line, one by radar 
off the Atlantic coast and 16 by the continuous radar surveillance 
system. In only two cases did fighter aircraft have to scramble. 

“What’s the status on the big board now?” asked Gen Kuter. 
There were no unknowns, came the reply. Among the identified 
aircraft on the board was a SAC airborne alert machine. 


Below left, Hound Dog. 
Right, Atlas re-entry vehicle 
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AW.660: THE 


ITH the encouragement of an RAF order twice increased 

from an initial 20 aircraft to a total of 56, a development 

aircraft flying and the first production machine to fly in 
the next few weeks, Hawker Siddeley Aviation are now loudly 
proclaiming abroad the merits of the Armstrong Whitworth 
AW.660. This description applies to the basic AW.660, and not 
necessarily to the specific RAF Transport Command variant, the 
Argosy C.1. 

Almost the first point they make about this military development 
of the four-Dart Argosy civil freighter is that it is an ambivalent 
aircraft, well able to tackle the duties of both a main airlift vehicle 
and a tactical support transport. 

Full pressurisation gives it the ability to cruise over trunk routes 
at economically high altitudes and in this guise it offers, as does 
» civil Argosy, a comfortable lift for passengers. In the event of 

“hot” situation, then out with the seats, in with an assault load 
ond the AW.660 is ready to go to the scene of operations—para- 
chuting men and equipment or landing them at forward airstrips. 

Like so many other military developments of civil transports, 
the AW.660 has more power, a higher wing loading and greater 
payload capacity than its precursor. The four Rolls-Royce Dart 
RDa.8s, each of 2,500 s.h.p. for take-off, offer a maximum total of 
1,600 s.h.p. more than the RDa.7s of the civil Argosy, and have 
permitted an increase in the normal maximum gross weight of 
90,000Ib to 97,000Ib. For an ultra-long range of 3,000 n.m., with 
more tankage than the basic 4,140 Imp gal, the maximum gross 
weight is increased to 103,000Ib. The range can also be extended 
by in-flight refuelling, for which the RAF machines will be fitted 
with a probe projecting from the flight deck roof, a la Victor. 

The most obvious external difference between the civil and 
military Argosies is the horizontally-opening rear beaver-tail 
fuselage doors, which can be opened and closed in flight. The one- 
piece swinging nose of the civil Argosy will not be fitted to the 
RAF’s C.ls, but this is available as an optional extra on the 
military version if required. Housed in the extreme nose is a cloud 


In the heading, the “aerodynamic prototype” of the Argosy C.Mk 1. 
Below, artist's impression of air-dronping heavy equipment 
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MILITARY ARGOSY 


collision radar scanner with a prone viewing position below it for 
the parachute drop controller. 

The AW.660 fuselage capacity is 2,680 cu ft with a usable 
for freight of 46ft 10in, disposed equally fore and aft of the forward 
c.g. limit. The allowable c.g. position range is about 30in, and the 
movement of c.g. due to fuel usage is only about 2in in the maxi. 
mum payload short-haul case, and 10in in the small payload long. 
range case. The entrance in the rear measures 8ft 6in high by 
8ft 8in wide, and the aircraft can accommodate freight pallets or 
supply-dropping platforms up to 8ft wide. The NATO standard 
20in floor lashing grid is installed in RAF aircraft, and there are 
further lashing points in the fuselage sides. The “Rolamat” freight 
pallet loading system developed for the civil Argosy, or existing 
military roller systems, can be installed. 

In its high-density troop transport réle, the AW.660 carries up 
to 69 fully equipped troops, in twin and triple seats, with holster- 
type stowage for their weapons and overhead luggage racks. The 
space, enclosed by the rear doors, is used for kit stowage and there 
are two toilets and a galley in the nose. For an air assault, 54 para- 
troopers are carried, in sideways-facing seats—the two outer rows 
facing each other, and the centre row facing port. The seats fold 
away for the troops to line-up prior to dropping, their static lines 
attached to four overhead cables. By each of the two paratrooping 
doors, on either side of the rear fuselage, is a dispatcher’s seat. The 
static lines are retrieved by a block and tackle anchored to the floor, 
before the doors are closed and the aircraft climbs to pressure 
altitude. 

Following the delivery of an assault load to a forward airstrip, 
the AW.660 can be speedily converted into a casualty evacuation 


(Continued at foot of page 590) 


Typical payload-range performance of the military Argosy at a basic 

operational weight of 56,000Ib, using 14,200 r.p.m. for climb and 

cruise, and carrying fuel reserves for 11% hours’ holding at 5,000f 
or 20 per cent of fuel used 
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0) Straight and Level 


fine recruiting spread in Flight of 

September 23, incorporating a pic- 
ture showing “a Vulcan of 617 Sqn over 
Golden Gate, San Francisco.” 

I do think the wing commander ought 
to have a quiet word with the navigator 
of that Vulcan, though, because the 
bridge in the picture is the one between 
San Francisco and Oakland. The Golden 
Gate, and its bridge, are several miles to 
the west, where the bay opens up into 
the Pacific Ocean. 

But then, 617’s speciality is dams. 


| MUCH admired the Air Ministry’s 


@ There is an “unconfirmed rumour,” 
as I noted in Flight the week before last, 
that Mr Howard Hughes would like Mr 
Eisenhower to join the TWA board on 
completion of his term as President. 

There are many stories about the 
legendary Mr Hughes. Unpredictable, 
remote, controversial, and notoriously 
publicity-shunning, he is the sort of 
person who could extend such an invita- 
tion without causing offence. 

But I can’t help wondering whether 
the office of Presidency of the United 
States isn’t a cinch compared with the 
job of working for the bewildering Mr 
Hughes. 


® A Russian duck-hunter, spotting a 
target 100ft up, shot it down. It turned 
out to be an aeroplane, and he was jailed 
at Smolensk for eight years. It was, so 
the local report has it, the close season 
for duck-shooting. 


®@ “Largest single-engined aircraft ever 
built” is the claim advanced by Black- 
burn for their mighty Cubaroo of 1924. 
The claim appears in The Blackburn 
Story 1909-1959, which went on sale to 
Blackburn workers last weekend; and 
much as I dislike crabbing the workers’ 
enjoyment of this attractive little book- 
let, I feel I really must explode this 
widely held belief. 

Certainly the Cubaroo was a whopper, 
with its wing span of 88ft. But the 
Russian ANT-25 of the late ’thirties (to 
name only one of the big single-engined 


We air attachés don’t 
have as cushy a time 
as you might think, 
comrades. The par- 
ties are mostly dull 
and the parades—like 
this Canadian inter- 
national air show here 
in Toronto—are 
rather a bore. We've 
seen Sabres and CF-— 
100s. And F-104s. 
Thinks: Wonder 
where the Bomarc 
emplacements are 


rr 


monoplanes built 
between the wars) 
had a wing spread 
of over 111ft. And 
what about the 
notorious U-2? 
The latest figure 
I have quotes a 
span of 90ft. 

But I do be- 
lieve the Cubaroo 
to have been the 
tallest single-en- 
gined aircraft of all 
time. The pilot sat 
nearly 20ft in the 

air, behind the monster 1,000 h.p. 
Napier Cub engine from which the air- 
craft took its curious name. 


@ And while I’m about it I may as well 
dispose of another Blackburn claim and 
get the whole thing over. 

They describe their Airedale of 1926 
as the “first monoplane built in Britain 
for naval purposes.” Sorry, Blackburn, 
it wasn’t. The Airedale was antedated 
by the Handley Page H.P.21 of 1923/24. 
This little fighter was supplied to the 
US Navy as “Class VF Shipboard”— 
and, incidentally, had a speed range of 
49 m.p.h. to 147 m.p.h. on 230 h.p. 


@ In an arrangement with Eastern Air 
Lines the Mexican airline Aeronaves is 
to take early delivery of a DC-8. Like 
all such associations entered into by US 
airlines, the approval of the Civil Aero- 
nautics Board—custodian of the public 
interest——has first to be obtained. 

In this case approval has been given 
by the CAB—though, to quote the 
Board, “the agreement reflects a degree 
of pooling of services and facilities which 
the Board normally would find objec- 
tionable as between competing carriers 
because of possible restraints on com- 
petition.” 

I wish we had, or were likely to have, 
a public body whose duty it was to 
challenge the rather flabby let’s-pool- 
everything policy of our airline industry. 


@ Mr and Mrs Peter Ahrens and their 
four children, a Swedish family, have 
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just flown from Stockholm to Sydney in 
a Rapide. Mr Ahrens, flight engineer 
and pilot, flew the Rapide himself, total 
cost being about £100 each. 

“We wanted to emigrate to Australia,” 
Mr Ahrens told a reporter in Darwin, 
“but the fares frightened us.” 


@® “In my country it is the custom 
when a guest admires anything to pre- 
sent the object of his admiration to him. 
I think that your airport at Copenhagen 
is one of the most magnificent jet air- 
ports in the world.”—Sheikh Najib 
Alamuddin, at a dinner given by the 
Danish Government for IATA. 


@ The following is an extract, guaran- 
teed genuine, from my mailbag : — 
“Hoping that you will be kind enough 
to consider the inclusion of my humble 
contribution [a photograph] in your 
most excellent section of a most excel- 
lent and widely read magazine, and to 
come through with a reproduction fee, 
because I need the money.—Yours, etc.” 


@ In a letter on page 595 Lord 
Brabazon, chairman of the ARB, 
breathes more fire about the fire hazards 
of JP.4 (gasoline-type) fuels compared 
with kerosine. 

Brab said last July that the use of JP.4 
was “disgraceful,” and that unless the 
airlines concerned mended their ways 
within a few months he would name 
them. 

The airlines are nevertheless prepar- 
ing to extend the use of JP.4; and Mr 
Knut Hagrup, chairman of IATA’s tech- 
nical committee, says in effect that critics 
of JP.4 don’t know what they are talking 
about. 

Lord Brabazon, as you can read for 
yourself in this issue, expresses himself 
“astonished,” and he challenges the JP.4 
protagonists to what could be a 
highly inflammable competition—from 
the location of which, if ever the contest 
takes place, R. Bacon will stand well 
clear. 


@ Definition of the jet age: breakfast 
in Karachi, lunch in Beirut, dinner in 
London, baggage in Bangkok. 


RoGER Bacon 











MISRAIR 1960 


BY JOHN STROUD 


EN Misrair was founded in May 1932, Airwork had 

a close association with the company, and all of the air- 

line’s early equipment was British. In fact, Misrair has 

operated most types of de Havilland light transports and—apart 

from a few communications aircraft, some Languedocs and five 
DC-3s—has always had British equipment. 

Misrair now bears the secondary title United Arab Airlines 
and it is expected soon to amalgamate completely with Syrian 
Airways under a name not yet decided. When it chose to become 
a jet operator, once more the decision was made to buy British 
in spite of the competition from US and Soviet products. The 
Comet 4C was found to be the most suitable type and an order 
was placed for three—a figure which I believe will be increased 
and possibly doubled. 

It may be recalled that the first Misrair Comet, SU-ALC, was 
delivered on June 9, and regular Comet operations, with two 
aircraft, began on July 16. (Before the introduction of the Comet 
Misrair opened a weekly Viscount service between Cairo and 
London, this being Egypt’s first air service to the United Kingdom.) 
Until Misrair receives its third Comet 4C early next year, opera- 
tions are based on 2,200hr per year per aircraft. Actual Comet 
operations are five flights a week Cairo - Rome - London with 
two flights calling at Frankfurt, two at Ziirich and one at Geneva. 
Twice-weekly services are operated from Cairo to Khartoum and 
to Jeddah. A twice weekly service to Kuwait had been planned 
but Kuwait refused to accept Comets on the grounds that they 
would damage the asphalt runway. In place of the Kuwait service 
Misrair has substituted a weekly Cairo - Belgrade - Prague flight. 

Next year Comets will fly at a rate of 3,000hr per year and new 
routes are to be opened to Karachi and Bombay, and Kano and 
Accra. A Casablanca service may also be operated. 

The present Misrair pattern, with some exceptions, consists of 
DC-3 operations on domestic routes, Viscounts on routes of up 
to 1,000 miles, and Comets up to 2,000 miles. Misrair has plans 
for much longer routes and these will require new aircraft. The 
airline has a strong belief in rear mounted engines and this makes 
the Vickers VC10 a possible choice for Misrair’s long-haul 
equipment. 

Misrair has an efficient maintenance base at Cairo although, 


Misrair use DC-3s for a number of 
internal services in the Southern 
Region of the United Arab Republic. 
Viscounts are operated on medium- 
stage routes of Misrair’s network 


The company began regular Comet 
operations on July 16 and are to 
receive their third Comet 4C early 
next year. More may be bought 
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like many airlines, it suffers from a shortage of space and, of cours 
Mr Shehab-el-Din, the chief engineer, would like new 

and workshops. Maintenance and overhaul is divided into thr 
categories; A covers work done by the airline, B work that cou 
be done with some additional equipment and training, and C wor 
that it would be uneconomic to do because of the cost of extn 
equipment. Category C at present includes Dart and Avon engines 
and some long-life components such as Viscount and Comet aut. 
pilots. In the case of Avons, Misrair’s are cleared for 1,600 
subject to inspection of two at 1,400hr, and it is hoped that; 
period of 2,000hr will soon be obtained. 

Misrair’s Comet training involved sending 45 maintenan: 
engineers and 10 flight engineers to de Havilland, and a furth: 
10 are being trained in the UK. Pilots took airframe, system 
and engine courses at de Havilland and Rolls-Royce and the 
spent 12-15hr in the BOAC Comet simulator before undertakiz 
actual flight training in Misrair’s Comets at Cairo. Two & 
Havilland pilots and two flight engineers are looking after th 
training in Cairo and are also flying on each service during tk 
working up period. Good relations exist between the de Havin 
people and Misrair and when the DH people fly on services they 
wear Misrair uniform. At present Misrair Comet crews consis 
of two captains, flight engineer, radio officer and up to five cabiz 
crew. Average experience of the captains chosen for Comets i 
13-14,000hr. 

Misrair operates seven Viscounts and has now ordered a Redifo 
Viscount simulator; if the Comet fleet is increased to five the 
it is almost certain that a Comet simulator will be acquired. 

I recently flew to Egypt by Misrair Comet 4C and while ther 
I learned from the airline and the Department of Civil Aviation 
something of the five-year plan for domestic air services. 4 
present the domestic services in the Southern Region of the United 





= 


SSz8 B2BRRKRE SHSSBBSER SFFSSesee 


BeSeesaaes, 


e309 Sse rr > 









f cours 


fj 


20 
8a 


eee 


F 


Fell 


Rs 
FF e 


3 8. 
¥ 


SEE 


ERP RE 


“NR 


FLIGHT, 7 October 1960 


MISRAIR 1960... 


Arab Republic (Egypt) are: Cairo - Alexandria, twice-daily Vis- 
count; Cairo - Port Said - Alexandria, thrice-weekly DC-3; Cairo - 
Alexandria - Mersa Matruh, thrice-weekly DC-3; Cairo - Luxor - 
Aswan, four times a week with DC-3s; and Cairo - Assiut - Luxor, 
thrice-weekly DC-3. , , ; 

The Cairo - Alexandria route is the busiest and caters for busi- 
ness and holiday traffic. The Aswan route is mainly for business 
traffic in connection with the High Dam; Luxor attracts tourists 
mainly in the winter; and Mersa Matruh attracts holidaymakers 
mostly in summer. Under the five-year plan, which dates from 
1959, El Minya is to be added to the Cairo - Assiut - Luxor - 
Aswan route and it is hoped that within two years Viscounts will 
be operated to a daily schedule. 

Along the Red Sea coast there are various centres concerned 
with oil and industry as well as some resorts, and aerodromes to 
serve these will be constructed or, in some cases, old wartime 
gerodromes will be improved and brought into service. Other 
aerodromes may be prepared on the Sinai Peninsula, including 
one to serve the monastery as a tourist attraction, and service may 
also be started to Suez. 

It is planned to serve four oases in the Western Desert. Siwa 
and Bahariya would be reached by an extension of the route from 
Mersa Matruh, and Kharga and Dakhla by a route from Assiut. 
Initial frequency of the oases services would most likely be twice 
or thrice weekly, and Red Sea services twice weekly. 

It is expected that 2,000m runways will be provided at all points 
and this will bring about a need for new aircraft. Misrair wants 
turbine powered aircraft for these operations and the Dart Herald 
or Avro 748 are possible types. Some of these new services could 


ARGENTINA’S STATE AIRLINE 


plan of the democratic regime of Argentina’s President 

Arturo Frondizi, Aerolineas Argentinas, the State airline of 
the Argentine Republic, has made an excellent recovery from the 
chaos and bad management of the Peron era. The austerity plan 
makes it almost impossible to replace ageing, hard-working aircraft 
on high-density domestic routes, or to increase freight charges 
much above the 2 cents per ton-mile rate. 

The Perén dictatorship ended five years ago, and Aerolineas 
Argentinas, like all the State enterprises of this mew democracy, 
has not only had to bear the mishandling of that regime but now 
has to conform to the anti-inflationary regulations of the present 
government which Perén’s extravagance made necessary. On the 
one hand, these prohibit fare increases; on the other, they impose 
high import surcharges which not only prevent purchases in hard 
currencies, but cut off aircraft replacements at the same time. 
Today few airlines in the world still using DC-3s on regular 
domestic route patterns get as much utilization from their fully 
depreciated machines as does Argentina’s airline. And though the 
deficit on operations jumped by 144 per cent between 1958 and 
last year (devaluation must also be taken into account with the 
latter figure), the average overall load factor increased from 64.2 
per cent in 1958 to 69.4 per cent last year. 

Additional to other restrictive factors has been the policy of 
liberal post-Perén governments to allow the entry of competitive 
commercial airlines not only into domestic Argentine services, but 
along international routes to key Latin American and United 
States points on which Aerolineas were once the only Argentine 
operators. 

With high overheads from its prestige-bound but costly inter- 
national operations (the latest annual report shows a 260 per cent 
increase in public relations and promotional expenses, primarily 
to publicize the Comet 4 New York service introduced in May 
1959 and to support necessary but luxurious overseas offices in 
New York, Paris and elsewhere), the airline must still face up to 
competitors who increase their business on money-making 
domestic routes. For example, Brazilian airlines operating into the 
d tine increased their percentage of total passenger traffic 
between 1950 and 1958 from 29 per cent to 55 per cent, while 


[pie tightly restricted by the economic stabilization 


An Aerolineas Short 

Sandringham—one of the a 
few big flying-boats still at 
in service 
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A Misrair Comet calls at Frankfurt 


probably be operated by Viscounts using low pressure types. 

There is unquestionably a growing passenger and freight poten- 
tial and in some cases cargo traffic is already restricted by lack of 
capacity. Development in Egypt is at a rapid rate and the com- 
pletion of the High Dam is going to accelerate the rate with 
consequent increased demand for air travel. Freight rates and 
passenger fares for domestic services are very low and in fact do 
not cover operating costs, but the rates are stipulated by the 
Government and losses to Misrair on domestic services are made 
good. This situation is considered necessary for the good of 
the country at this stage of its development. 


BY JOHN D. HARBRON 


Argentine-owned airlines serving the same cities increased their 
passenger traffic a meagre 1 per cent from 11 per cent to 12 per 
cent of the total during this eight-year period. Yet today, under 
the direction of Brigadier Miguel Moragues (a senior Argentine 
Air Force officer, and now almost a year in office as president and 
administrator general) Aerolineas has made a very commendable 
and worthwhile advance in efficient operations. 

Brigadier Moragues and his immediate predecessors have 
reduced the airline’s heterogenous fleet from a wobbly and badly- 
serviced 84 aircraft at the height of the Perén regime (whose policy 
was to buy heavily to meet the State airline’s requirements, because 
it would not permit private operators in Argentina) to 38 at the 
end of 1958. The Buenos Aires’ business weekly E] Economista 
noted in its June 18 issue this year that Aerolineas’ 38 aircraft 
performed 511 million seat-miles in 1958, compared with 172 
million in 1949, when it had nearly 90 aircraft. 

Today Moragues gets high load factors. The four Comet 4s— 
the last of which entered service in July, to replace the one which 
crashed near the Asuncién International Airport in June 1959— 
showed a load factor of 71.83 per cent last year. This figure was 
exceeded only by the very hard-working C-47s and DC-3s, with 
1959 figures of 81.3 per cent and 73.7 per cent respectively. Even 
more noteworthy is the 88.5 per cent load factor of the airline’s 
few DC-4s, which operate primarily between Buenos Aires and 
Cérdoba, 600 miles to the west, and Comddore Rivadavia, about 
1,000 miles south of Buenos Aires. Both areas are the heaviest for 
regular air freight movements, Cérdoba is the manufacturing 
centre of Henry and Edgar Kaiser’s Argentine car, jeep and 
aircraft companies, and of a large Fiat tractor-making plant. 
Coméddoro Rivadavia is the chief centre of Argentina’s expanding 
oil refining industry, now being modernized to give the country 
self-sufficiency in petroleum by 1962 with the help of private 
United States loans and equipment, and the assistance of resident 
American technicians. 

Everywhere one travels in Argentina, the policy of Aerolineas to 
make a good showing is evident. Smart new, if small, airports; 
helpful employees in ticket and baggage departments; and willing 
cabin crews; all these are signs of cheerful effort in the face of 
severe odds. An example noted by the writer on a flight between 
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One of Aerolineas’ Comet 4s at Buenos Aires Ezeiza International Airport on arrival from New York 


ARGENTINA’S STATE AIRLINE 


Cérdoba and Buenos Aires was the determination of the hard- 
pressed steward to serve a hot meal, complete with veal cutlet, 
salad, miniature bottle of red wine, fruit dessert and hot coffee in 
a full DC-3, from a galley too small for the job. 

Since nearly all Aerolineas internal services originating in 
Buenos Aires start at Aeroparque, the municipal airport of the 
city, and not from Ezeiza International Airport, few visitors (even 
if they arrive on one of the Comet 4s) get a chance to see Aerolineas 
at work in its own country. The writer (a Canadian), however, had 
time to obtain a wider picture. To American eyes, Aerolineas 
modernization and efforts at efficiency may not, on the surface, 
seem to be as advanced as they might look to a Canadian observer. 
This is mainly because there are no publicly-operated commercial 
airlines in the US—as there are in both Canada and Argentina— 
and because Americans are not used to flying from their larger 
cities from terminals made up primarily of wooden-frame struc- 
tures temporarily modernized and enlarged until some grandiose 
structure can be built. Thus Aerolineas’ tasteful yet barren airport 
buildings in a city on the pampas reminds a visitor of recently 
constructed but as yet modest facilities at airfields on the western 
prairies of Canada. 

Though Aerolineas is constantly short of capital, Brigadier 
Moragues told the writer, present facilities for training, over- 
haul and repair at Ezeiza International are far from antiquated. 
While it is true that this is the only airfield in Argentina with ILS, 
it does possess one of the best aircraft repair facilities in Latin 
America. Originally built for Aerolineas by the Douglas Aircraft 
Co, in the last few years it has converted a DC-3 into a super 
DC-3 for President Frondizi’s personal use and has earned hard 
currency from regular repair and replacement work on the radar 
of USAF Super Constellations assigned to continental defence 
work in the Caribbean area. These facilities reportedly operate at 
about 50 per cent of capacity and, apparently, are also available 
to the company’s only other State airline competitor. This is 
LADE, Lineas Aéreas del Estado—the Airline of the State, a 
smaller version of the American MATS except that it solicits 
regular business from civilians, not only on domestic routes, but 
on international ones as well. 

ILS is next to be installed at Cérdoba, from which it is reported 
a Brazilian airline, possibly Real, will start a New York - Sao 
Paulo - Cérdoba return service, for the first time in Argentina air 
history by-passing Buenos Aires. It is not known if Aerolineas 
will take part in this move. 


Aerolineas Convair 240 at Ezeiza. The Indian name “Chacabuco” on 
the nose originated in north-west Argentina 


A look at Aerolineas aircraft array reveals one of the mog 
varied spreads of aircraft types found in any airline today, As 
well as the three Comet 4s, Aerolineas flies Douglas DC-3s, 
and -6s, Convair 240s (almost all of which are unpressurized), and 
four Sandringhams. The flying-boats operate a service along 
the River Plate. 

In spite of four domestic airlines setting up since 1955 (all are 
controlled by Argentine or American interests), and the continuing 
operation of LADE, Aerolineas still carries the bulk of Argentina’s 
passengers and air freight. In the first third of 1959, for e le, 
it carried 104,260 passengers, compared with 34,555 for TSA- 
Transcontinental, its largest commercial competitor. LADE 
carried 9,416. Transport of passengers by Aerolineas has risen 
two-and-a-half times in a decade. 

For the future, Brigadier Moragues recently promised to 
“.. . eliminate superfluity of bureaucracy ... and to adjust 
those factors which go to make up a more lively dynamism ina 
company .. .” In the same speech he also said he would con- 
tinue to reduce the number of ageing aircraft, replacing them as 
soon as he could with more modern, more comfortable types in the 
hope that the company’s deficit can be reduced from future 
earnings. 

In a part of the world where State companies are traditionally 
over-staffed and personnel is under-utilized, Aerolineas possesses 
a straight-line administrative hierarchy which should make the 
job of modernization simpler than elsewhere. 





AW.660: THE MILITARY ARGOSY 


(continued from page 586) 
machine, carrying a maximum of 16 stretcher cases in three 
either end of the fuselage. Oxygen points, supplied from the ait 


craft’s 25-litre liquid system, are disposed along the fuselage, 
together with power points. 


For supply dropping missions, the aircraft can accommodate 


two 14,000lb supply platforms each, say, with a quarter-ton truck 
and loaded half-ton trailer, while large vehicles can be air , 
the low pressure tyres permitting operation from grass or sem 
prepared surfaces. As a trunk freighter, it can ferry missiles up 
Mace and Sergeant size. 

The flight deck has been enlarged over that of the Argosy, to 
accommodate two pilots, a navigator and a flight engineer. 
seats of the two latter crew members turn forward for take-off and 
landing. A supernumerary crew seat can be mounted on the flight 
deck access trapdoor, behind the captain’s seat. For the crew 
there is an emergency exit in the roof at the rear of the flight deck. 

In addition to HF, VHF and UHF, Decca, Doppler and ADF 
are fitted, together wth cloud collision radar and ILS. Provision 
has been made for blind landing and an integrated flight system 
can be fitted. The aircraft has been made independent of 
power supplies, particularly for the tactical support réle by the 
installation of an auxiliary gas turbine unit in the port boom. This 
supplies power for starting and electrical and hydraulic checks, and 
for emergency closing of the rear doors in flight. 


PRINCIPAL DATA 


Max take-off voight, neemet tankage), 97,000ib; (extra tanks), 103,000Ib; 
max landing weight, ,089Ib; max fayeee. 29,900ib; capacity fuel 
33,280Ib; average cruising speed (14, r.p.m., 80,000lb and ISA 20,000ft), 
233kt; range with 29,000ib payload (20 per cent fuel reserves), 500 n.m.; range 
at 103,000ib take-off (20 per cent reserve), 3,000 n.m. F 
Take-off balanced field —_ max take-off weight, sea level, ISA, 4,800ft; 
min take-off distance, max take-off weight, all engines, sea level, ISA, 3,260; 
approach speed, 113kt; landing distance from , max landin weight, sea 
level, ISA, wet concrete, 3,0 3 operating ceiling, 90,000Ib, 15,000 r.p.m., 
21,000ft; operating ceiling, three engines, 85,000Ib, 15,000 r.p.m., 15,000ft. 
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Sport and Business 





INTRODUCED into Great Britain by the London Aero Club, 
Panshanger, are the three 33} r.p.m. long-playing gramophone 
; records illustrated in the photograph. While not cheap, each 

in its way is a splendid instructional aid in radio procedures. 
7, With the information printed on the accompanying pamphlets, 
Ms 





Jepco charts and the reverse side of the cover, a unique training 
technique has been evolved. It seems logical to teach, ab initio, 
the use of aural services with aural aids, and differences between 
US and British practice are not so great that Queen’s English- 
speaking pilots need fear that they are absorbing procedures 
which must subsequently be unlearned. It is noticeable in pass- 
ing, though, that the US business aircraft pilots whose voices 
are recorded make considerably greater use of the “Roger” 
acknowledgement than is heard on local channels, and this is 
followed by a repetition of the aircraft’s call sign which, initially 
at least, always includes the aircraft identification, e.g., “Cessna 


Most three six five Victor.” “Wilco” is never used. 
y. As Of the three records, Tower Communications deals with VHF 
3s, ~4s procedures for departures and arrivals at a busy airport on the 
), and US West Coast, including How to Mingle with Jets and how to 
along find the answer to the question “Is my landing legal?” On 
Course, on the Glidepath explains MF and VHF aids (ADF, 
all are radio range, VHF communications, Omni, ILS and marker 
Nuing beacons) and takes the listener through a full GCA let down 
itina’s right up to the moment when the tyres squeal as they hit the 
mple, runway and the pilot calls ground control for parking directions. 
TSA- Instrument Flight—a trip from Santa Monica to San Francisco 
“ADE in a “two-tone red Cessna with white trim”—probably requires 
Tisen —% the most concentration to follow, and may correspondingly be 


the most absorbing—it depends upon your level of proficiency. 


id to Every part of the flight is on the record: the ringing of the 
idjust telephone in the met office, flight planning, radio flight plan 
| ina clearance, and the execution of a full instrument flight by Omni 
Con- methods. 
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Depicted here are the attractive covers of the three radio-navigation 

training gramophone records that have been introduced into Great 

Britain by the London Aero Club, Panshanger. On the reverse are 

diagrams explaining the procedures and each package also includes 

an explanatory booklet. In addition “Instrument Flight’ contains Jepco 

charts for the Los Angeles - San Francisco area. A note about these 
records appears on the left 


Random impressions of a couple of hours’ really profitable 
listening are the readiness with which a US rating-equipped 
business pilot elects to fly IFR at 10,000ft when he could fly 
visually at 2,000ft; the ease of obtaining an FAA R/T licence, 
merely by filling in a form; the high rate of transmission of 
beacon signals, and the excellence of the Jepco charts, with morse 
signal identifications printed in the Omni name-squares. Again 
and again the record tutor emphasizes the importance of calling 
the tower, using the radio, always keeping contact. And how 
polite everyone is and how welcoming. One longs for such ready 
acceptance of light aircraft and such radio aid proficiency in 
Great Britain. These records could go some way to help; but it 
would also be very useful if an MoA procedures version could 
eventually be produced over here. 

Tower Communications and On Course, on the Glidepath are 
retailed by the Club at 63s each; Instrument Flight is 75s. Copies 
are also available from John Somers Ltd, 142 Edgware Road, 
London W2. 


DISTRIBUTION OF THE GRUMMAN GULFSTREAM in 
Europe is to be handled by the Atlantic Aviation Export Corpora- 
tion, the London branch of Atlantic Aviation of Wilmington, 
Delaware, USA. Vice-presidents of the Export Corporation are 
Hughie Green, well known on television but perhaps not so well 
known as a pilot who has flown more than 100 transatlantic ferry 


crossings, and John Slade, a former RAF wing commander. Their 
office address is Suite 169, Chiltern Court, Baker Street, London 
NW1. Some 56 Gulfstreams have now been sold to executive 
owners in North America and to other operators in South Africa, 
Canada, Australia and Europe. An Atlantic Aviation demon- 
strator will visit Gatwick in November before embarking on a 
European sales tour. This aircraft would be available for delivery 


ao 





ts at within 30 days of an order being placed. Normally delivery can 

aif- be made within 90 days and the price of the Gulfstream is 

lage, £360,000-£370,000 complete with furnishings, radio to customer’s 
requirements and weather radar. To this price must be added 

date 174 per cent import duty, less drawback on British-made equip- 

ruck ment, plus delivery charges, which are also dutiable. 

d— It has been estimated by Atlantic Aviation that components 

"mi amounting to 24 per cent of the value of each Gulfstream are 

ptwo manufactured in Britain—by Rolls-Royce, Vickers-Armstrongs 
(Aircraft), Dowty Exports, Godfrey, Vokes, Lucas/ Rotax, Plessey, 

, Teddington, Smiths, Rotol and Newton Bros. 

The 

and This is one of a number of executive interiors 

ight which are offered as standard by Grumman or 

“ by Gulfstream distributors. The camera does 

DF not lie about the width of the cabin, but is it 

possible that it exaggerates it just a little? 


Servicing and furnishing agents are now being 





nd sought by Grumman throughout Europe 

the 

‘his 

and 

on; Determined to prove that air touring is “safe, 
: economical and enjoyable,” Oxford and Cam- 

Mt), bridge university undergraduates David Lomax 

left), John Brown (centre) and Dermot Boyle 

ott: recently flew this Auster Alpine to Katmandu, 

po ’ Nepal. They arrived in 60 flying hours and, 

= after a study of Nepal's special problems, will 

oft. return home the same way 
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FLIGHT, 7 October 1969 


Tx ’ Two of the world’s outstanding training aircraft, offered by the Hawker Siddeley Group 
PAR TN ERS Above, Folland Gnat Trainer (Orpheus). Below, Hawker Hunter Two-Seater (Avon) 
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FLIGHT, 7 October 1960 


LAVERTON ON SHOW 


A notable air display was held at the Royal Australian Air 
Force Station Laverton on September 18. These contrasting 
pictures, secured on that occasion, should prove of particular 
interest to readers in the Northern Hemisphere. 










Above is a Vampire Mk 30, powered 
with a Rolls-Royce Nene engine. Eighty 
of these machines were built in Aus 
tralia for the RAAF, and originally the 
supplemental intakes were on top of 
the nacelle. As seen, they are now 
below. In the nose is a fairing for a 
radio compass aerial. On the right, 
together with some of its test equip- 
ment, is the Avro 707A, which was 
shipped to Australia some years ago 








Above, Lock- 
heed were strongly 
represented by a 
Neptune maritime 
patrol aircraft and a 
Hercules transport 


Left and below, two 
lively impressions of a 
Commonwealth 
CA-25 Winjeel 
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The Industry 


Simple Cabin Temperature Control 


ELECTION of required cabin heat on a single dial, with all 

further action being controlled automatically, is a feature of 
Teddington Controls’ new simplified cabin temperature control 
system. Designed for layouts with several control valves, it has 
been evolved as an inexpensive and lightweight installation. 

In the diagram—a four-valve air conditioning system—the 
blower supplies air to the primary heat exchanger via the choke 
heating valve and the silencer. When the valve is in the maximum 
choke position, temperature is at a maximum. Cooling is achieved 
by ae ram air over the heat exchanger, flow being controlled 
by gills. 

Choke valves and gills are controlled manually by adjusting 
the temperature selector; potentiometric valve positioning is 
applied to each basic valve unit. Actuators are switched by a 
double-pole relay operated by the twin-transistor circuit of a four- 
channel controller. The function of the pressure switch, con- 
nected across the blower, is to prevent excessive blower pressures 
resulting from actuation of the choke valve. On pressure rising, 
two changeover switches are operated consecutively, firstly to 
cut off the choke valve supply and then, at the higher setting, 
to open the valve. 


Something New in Aircraft Heating 


A MODEST first foothold in the aircraft field has recently 
been gained by a process manufactured by the Camberley, 
Surrey, firm of Inferation. Commercial producers of convector 
c'othes dryers and electrically heated skirting boards, Inferation 
have applied fundamentals of the same heating techniques to 
cockpit floor warming mats, food and beverage containers and 
aircraft skin-de-icing. 

Some remarkable claims have been made for what is clearly 
a versatile system. Perhaps the most significant is that loading can 
be varied from one-sixth of a Watt per square inch up to 
50W/sq in, and that the variation can take place in the same 
continuous element over a very short distance. Thus for de-icing 
applications an intense 35W/sq in loading can be evenly 
graduated over a few inches down to 4W. It is said, moreover, 
that the Inferation system is cheaper, lighter and more economical 
than any other known type of electric de-icing system. 


Comet cockpit floor 

mat by the Inferation 

Co; electrical load- 
ing 36W 


The element can be pierced if necessary without breaking the 
circuit, although edges of holes must naturally be protected. 
There is no practical limit to size (there has been an inquiry for 
an element 60ft long and 2ft wide) and thickness can be adjusted 
over a fairly wide range upwards from 0.04in. 

The system is described as an insulated, electric, plastic 
element in which carbon is used as the base material. Carbon 
has a negative temperature coefficient on its own, but in the 
Inferation process it is pulverized to a flour and each finely divided 
particle is silver plated by a special process which is also covered 
by patent. The silverized carbon is then incorporated in micro- 
scopic layers on an insulated base, this base and outer glass 
cloth coverings being plasticized by chemical changes by catalyzed 
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resins under heat and pressure, and transformed into an homo 
genous material. The resulting element is fully insulated, water. 
proof, and rigid or semi-flexible as required. Because of the 
type of construction employed it can be moulded into any desired 
shape, including that of a tube, and in general it is applied to any 
interior or exterior surface by bonding. It has been suggested 
that it could be efficiently used by bonding it to the inside of 
the leading edge skin of a wing, intake duct or helicopter rotor 
blade. This would overcome erosion problems completely but 
for less severe application there is no reason why the Inferation 
element should not be used on an exterior surface. 

One application already in service is flight crew mats for the 
Dart Herald and Comet. In this case the mat is insulated with 
a layer of fireproof rigid foam. Another —— is in galley 
hot-food containers. Here the efficiency of the system is claimed 
to be such that only 80W is required to perform a task normally 
requiring up to 200W. There is also said to be a considerable 
saving in weight. The Inferation Co was formed in 1953 tw 
develop this type of element and to manufacture and market 
products incorporating it. An aircraft division has been formed 
at the works on the Yorktown Industrial Estate in Camberley. 
The aeronautical consultant is Gp Capt Hamish Mahaddie. 


IN BRIEF 


Mr R. F. Bond has joined de Havilland Propellers as parts sales 
manager. He comes to the company after 14} years with BOAC, 
where for the last seven years he has been concerned with the sale of 
surplus aircraft and spares. 


The telephone number of the Lancashire Aircraft Company’s factory 
at Samlesbury Airfield has been changed from Blackburn 44668 w 
Mellor 666. 


Known as Tesakrepp 322, a new type of masking tape is being made 
by Metemicals (Cannon) Ltd, 60 Cheapside, London EC2. The tape, 
which resists temperatures of up to 175°F can, it is stated, be stretched 
to at least a third longer than its normal length. 


Industrial Acoustics Co Ltd, manufacturers of jet noise suppression 
equipment and other noise-control products, have moved from London 
W1 to Victor House, Norris Road, High Street, Staines, Middx (Staines 
55400; cables, Indcoustic, Staines). 


Mercury Airfield Equipment Ltd, of Gloucester, have been appointed 
sole UK and Eire distributors for Sicard Inc, of Montreal. 200 
Sicard SW.112 high-speed airport sweepers, it is stated, are in use 
the US and Canada. These units not only sweep snow, slush, sand, 
etc., but can clear runways of loose objects up to 2lb in weight. 


Hepworth & Grandage Ltd, manufacturers of engine components, 
have bought a 22-acre site at Southwick, Sunderland, and will begin 
the first phase of factory construction there early next year. This new 
plant will ease present production pressure at their 26-acre main Brad- 
ford works, which is itself in process of being extended and modernizec. 


Amplivox Ltd, Wembley, Middlesex, announce the appointment of 
A. R. Bolton & Co Ltd, Sighthill, Edinburgh 11, as their sales repre- 
sentatives for Scotland. From their new factory in Sighthill A. R. Bolton 
will handle the products of the Amplivox Industrial Division, including 
headsets, headphones, microphones, earphones, ear defenders and 
transistorized communication systems. 


Southern Instruments Ltd, of Camberley, Surrey, have received 
through their Italian agents an order for TRE12 trace-reading equip- 
ment for use in conjunction with a Ferranti Mk 1 computer and 4 
Benson Lehner plotter used by the marine branch of the Italian Gover> 
ment air defence organization. Also from Southern Instruments come 
news that their analytical-instrument activities will in future be 
out by a new company formed for the purpose, Southern Analytical Ltd, 
with Mr Philip Sellars as chairman. 
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Correspondence 


The Editor of “Flight” is not necessarily in agreement with the views 
expressed by correspondents in these columns. Names and addresses of 
writers, not for publication in detail, must in all cases accompany letters. 


Spitfire in Belgium—see letter from Mr J. Easthope 


Kerosine or Wide-cut ? 
From Lord Brabazon of Tara, PC, GBE, MC, Hon FRAeS 
| AM astonished at the remarks made by Mr Knut Hagrup of 

SAS, as reported in your issue of September 23, page 519. 
Mr Rickard’s technical article in your issue of June 10 has not 
been answered and is unanswerable. 

I am prepared to imitate in the following way a mild aero- 
plane crash, either taking off or landing, when tanks are broken 
and fuel in quantity is at large. I will pour out fifty gallons of 
kerosine on to a concrete runway if Mr Knut Hagrup and his 
disciple, Mr Gordon McGregor of Canada, will also spill fifty 
gallons of JP.4. We will both then strike a match together within 
the centres of our respective pools. 

If either of these gentlemen accepts this simple challenge and 
survives, I am quite convinced neither of them would ever again 
contend that there is nothing to choose between JP.4 and 
kerosine so far as the safety of the passengers is concerned. 

London W1 BRABAZON OF TARA 


Opportunities for the Industry 


AS was stated in Flight on September 2, there is today an air 
of buoyancy about the aircraft industry. Indeed, with a 
Government that is taking a serious interest in aviation and also 
showing concern at the overall export situation, one might say 
that if conditions are not now favourable to aeronautical develop- 
ment in Britain then they are never likely to be. The question 
that arises is: “Can we do more to improve the situation further?” 

For the immediate future the British industry offers the most 
comprehensive range of transports it has ever had—indeed that 
any nation has ever had. Unfortunately, in two categories the 
projects are not yet backed by production orders. The short- 
range jetliner—made possible by a Bristol-Siddeley breakthrough 
in the form of the B.S.75—lacks support. There remains hope 
of an RAF requirement for a machine of this type, but in the 
absence of a rapid decision on which of the projects offered has 
the greater potential and the rapid commencement of develop- 
ment much valuable time is being lost. At the other end of the 
scale the Super VC10 Freighter remains un-ordered. Here, surely, 
is another machine that would be of great value to the RAF, 
supplementing and later possibly replacing the Britannias of 
Transport Command. 

Looking further ahead, there is the need to order now a super- 
sonic military VTOL aircraft. If the RAF is unenthusiastic in 
the matter one can only hope that the Navy—for whom 
VTOL could have revolutionary implications—will take a more 
enlightened view. Commercially as well as militarily we must 
consolidate our lead in this field and not allow it to wither. 

BLC/laminar flow is another field where official apathy is 
apparent. There is every prospect that today’s jet transports with 
laminar flow by boundary-layer control over the wings will become 
the partners of supersonic transports. There is a clear need for 
a full-size research aircraft of this type now. Later on super- 
sonic BLC research may prove valuable, possibly using a modified 
Lightning. 

If the manpower of the industry is employed in exploiting 
to the full the potentialities of the above then the supersonic 








airliner must inevitably be postponed. However, with the relevant 
developments in the field of VTOL and boundary-layer control 
showing such rapid progress, a delay now, followed by the 
development of a far more advanced airliner, should pay off 
handsomely. 

It remains clear that, while Government support has been of 
great value to the industry, further generous support would be 
of greater value to the nation. 

Surrey SONIC 


Spitfire Memorial? 


JA NCLOSED is a photograph (albeit a bad one) of a Spitfire 
mounted on a pedestal and displayed outside an Air Ministry 
building—unfortunately not the British Air Ministry. The photo- 
graph was taken in Belgium recently. 

Seeing the Spitfire standing outside the Air Ministry in White- 
hall for the Battle of Britain commemoration sets one wondering 
if the aircraft would not look better on a stand and permanently 
enshrined. Visitors to London have little opportunity of seeing 
this, our most famous aircraft, unless they travel to Biggin Hill 
or the Imperial War Museum—one too far and the other too 
little known for the casual visitor. 

May I put the idea forward? It may catch the eye of someone 
in Air Ministry. They may even approve of it. Sir Walter’s statue 
could always be moved a little nearer the Board of Trade to make 
room for such a display! 

London NW1 J. EASTHOPE 


American Effort—with British Share 


ON reading your issue of August 19 we were disappointed to 
find that your review of the American industry did not 
include Stanley Aviation of Denver, Colorado. 

This company employs over 800 people and we are presently 
engaged in developing an escape capsule for the B-58 bomber in 
addition to research on human tolerances and on more advanced 
escape devices. We feel that we are world-leaders in this field, 
in that our B-58 capsule is designed for the flight regimes of 
very-high-performance aircraft, uses a minimum of cockpit space, 
and is by far the furthest developed of any such system, with a 
lengthy development test programme now nearing completion. 

The strong technical quality of our company is shown by the 
fact that, out of an engineering staff of a little more than one 
hundred, over thirty of us are British citizens. 

Denver, Colorado Peter A. SAYER, 

Advanced Systems Specialist, 
Stanley Aviation Corporation 


[Of necessity, our review was confined to airframe, engine and 
missile manufacturers; but Mr Sayer’s final paragraph, in particular, 
is of such interest that we gladly accord space to his letter—Ed.] 


Buffalo at Play 


REGARDING Roger Bacon’s recent request for details of air- 
craft being used as tea rooms and such, he may be interested 
to know that in the public park at Tampere in Finland a real 
live Brewster Buffalo stands in the children’s play-pen. 
London SE26 H. Best-DEVEREUX 





FORTHCOMING EVENTS 


Oct. 6-7. BritiIRE (South Western Section): Convention on “Aviation 
Electronics and its Industrial Applications.” 

Oct. 7-8. British Institution of Radio Engineers: Aircraft Electronics 
Convention, Bristol. 

Oct 8-9 FAI Rally, Barcelona. 

Oct. 11-12. Aerodrome Owners’ Association: Annual Conference, 
Folkestone. ‘ 

Oct 12. Kronfeld Club: “Flying with the Fuchs Antarctic Expedi- 
tion,”” by Sqn Ldr J. Lewis. 

Oct. 13. Society of Instrument Technology (London): ‘Transistor 
Switches in Monitor and Control Systems,” by W. A. Ross. 

Oct. 17-18. Institute of the Aeronautical Sciences and Canadian 
Aeronautical Institute: Joint meeting, Montreal. 

Oct. 18-19. Guild of Air Traffic Controllers: Third Air Traffic Control 
Convention. 

Oct. 19. Kronfeld Club: Annual General Meeting. 

Oct. 25. ag | of Instrument Technology (London): “Instrumenta- 
tion, Past Present and Future,” by L. S. Yoxall. 

Oct. 25. Institute of Transport (West Middlesex Group): “Economics 
of the Peak in Air Travel,”’ by Garret Fitzgerald. 


Oct. 26. Institute of Navigation: Annual General Meeting and 
Presidential Address. 

Oct. 26. BritiRE (South Western Section): “Radio Aids for Auto- 
matic Landing developed by the Blind Landing Experi- 
mental Units.”’ by J. S. Shayler. 

Oct. 26. Kronfeld Club. 

Oct. 28. Surrey and Kent Flying Club: Annual Dinner Dance. 

Oct. 30. Guild of Air Pilots and Air Navigators: “Aspects of 
Instrument Development for All-weather Operation,” by 
A. M. A. Majendie. 

Nov. 1-3. Institute of Welding: Autumn Meeting. 

Nov. 3-9. Kronfeld Club: Painting Exhibition. 

Nov. 4. Norfolk and Norwich Aero Club: Dinner ond Dance. 

Nov. 10. Reader and Electronics Association: “VHF Aerial 
Techniques,’ by C. A. Burgess. 


RAeS Branch Fixtures (to Oct. 14): Oct. 10, Boscombe Down, ‘Vertical 
Take-off by Jet Lift,’ by D. Keith-Lucas. Oct. 11, Luton, Film 4 4 
Glasgow, Engine Symposium (speakers, F. W. Morley, G. H. Lee, R. C. 
Morgan). Oct. 12, London Airport, ‘‘The VC10,”" by Hugh Hemsley. 

















SERVICE 
AVIATION 


Air Force, Naval and 
Army Flying News 


“Snow on the Equator’: one of David Shep- 
herd’s paintings, resulting from his visit to 
Aden and Kenya, showing two Beverleys of 
No 30 Sqn flying past the twin peaks of Mt 
Kenya. The pictures are on show at the 
Society of Aviation Artists’ exhibition at the 
London Guildhall until tomorrow (see “Flight” 
last week, pages 536-7) 


Andover to Upavon 


OMMANDANT of the RAF Staff 

College at Andover since April 1958, 
Air Cdre E. D. McK. Nelson is moving to 
Upavon this month to become AOA at 
Transport Command headquarters from 
October 17. Before going to Andover he 
was Commandant of No 1 School of Tech- 
nical Training at Halton. 


Cranwell’s New Chapel 


A NEW permanent Church of England 
chapel is to be built at the RAF College, 
Cranwell, Lincs. Standing near the site of 
the existing hangar church of St Michael 
and All Angels (which will be demolished), 
the chapel is to be erected to the east of the 
main College building, conforming with it 
in architectural style. Seating capacity will 
be for about 500, and the building should 
be ready for consecration by June next 
year. 

A fund has been opened for £20,000, for 
internal fittings and embellishment, for 
which no provision has been made. Intend- 
ing donors should send subscriptions to the 
Hon Secretary of the Old Cranwellian 
Association at the College. 


ASR Squadron Standard 


DISTINGUISHED former member 

of No 22 Sqn, Air Marshal Sir Ralph 
Sorley, is presenting the squadron with its 
Standard at St Mawgan on October 20. 
Sir Ralph, who is now retired, did a two- 
year tour on No 22 Sqn in 1925 when he 
was a flight lieutenant. In those days it 
was a “guinea-pig” squadron carrying out 
experimental work. Today it is a search 
and rescue unit equipped with Westland 
Whirlwinds and commanded by Sqn Ldr 
A. P. Dunn. Last year, its helicopters 
answered over 400 distress calls and saved 
42 lives. 

The squadron was originally formed at 
Gosport in September 1915 and carried 
out bombing and reconnaissance along the 
Hindenberg Line, also participating in the 
Battle of the Somme. It was disbanded 
after the First World War, then re-formed 
at Martlesham Heath in 1923 and for 11 
years engaged in experimental work. One 
of its pilots took part in the first UK- 
Karachi non-stop flight, made in a Fairey 
long-range monoplane in April 1929. 

The squadron converted to Vickers 
Vildebeest torpedo bombers in 1934 then 
at the outbreak of the Second World War 
was re-equipped with Beauforts. One of 
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its pilots, Fg Off Kenneth Campbell, was 
posthumously awarded the VC for attacks 
against the German cruisers Scharnhorst 
and Gneisenau. No 22 converted to Beau- 
fighters in 1944 and went out to Burma. 
It was disbanded in 1945, then re-formed 
ten years later as a short-range search and 
rescue squadron based at St Mawgan. 


Viking Salute 
At the thirteenth Tempsford reunion, 
being held in London on November 11, 
it is hoped to present to the CO of No 138 
Sqn (Wg Cdr H. M. Chinnery) a silver 
model Viking ship originally given to Air 
Chief Marshal Sir Ronald Ireland-Chap- 
man by the Southern Norway resistance 
movement in recognition of the work 
carried out by the RAF in dropping agents 
during the last war. Attendance is open to 
RAF and WRAF personnel who served 


Capt H. R. B. Janvrin, commanding officer 
of HMS “Victorious,” and Jnr Seaman John 
Fletcher cutting the 250/b cake made to mark 
the carrier's commissioning and 21st anniver- 
sary last month (“Flight,” September 3) 
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with Nos 138 and 161 Sqns (Ss 
Duties) and it is being held at Willian 
Tavern, Bow Lane, Cheapside, 
Starting time is 6.30 for 7.30 p.m., d 
informal and tickets are £1. The 
secretary is Sqn Ldr A. Firth (Retd), 
Swanland Road, Hessle, East Yorks. © 


IN BRIEF 


Air Cdre E. Knowles, CBE, BSc, AFRAeS, has 
become Director of Educational Services at Air 
Ministry with the acting rank of air 
vice-marshal. 

Treble-One Sqn is giving its final perform- 
ance as the Fighter Command aerobatic team, 
the “Black Arrows,” at Barcelona next Sunday 
(October 9). 


Financial assistance given by the RAF 
Benevolent Fund during the first half of this 


Seen with Hunters of 
No 229 OCU during 
Battle of Britain com- 
memorations at 
Chivenor: Hawkers’ 
famous Hart 
G-ABMR, now in 
RAF markings. Its 
serial number (J9933) 
was actually that of 
the first of the “de- 
velopment _ Harts,” 
which differed in 
certain respects from 
“MR.” It was flown 
by Hawker test pilot 
Duncan Simpson 


year amounted to £256,063, an increase 
more than £12,000 over the correspon 
period of 1959. 


Former members of No 3507 (County 
Somerset Fighter Control Unit, RAuxAF, 
commemorating the second anniversary of tha 
disbandment with a dinner and dance at 
Grand Hotel, Bristol, next Friday (October 
at 7.45 p.m. Tickets (12s 6d) may be obtai 
from Sqn Off K. E. Bagley, “Foxglove 
Uley, Glos. 
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